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Technical Note Regarding Revisions to Historical Data Series on Research and Development 


In keeping with the standard objective of economic and indicator reports to improve and 
update data series, the National Science Foundation (NSF) revised several data series 
presented in Science & Engineering Indicators--1996 (S&EI--96) from those presented in the 
previous edition, Science & Engineering Indicators--1993 (S&EI--93). The reader is advised 
to use the current edition for historical trends as well as for the most recent information. 


There have been substantial revisions in the U.S. industry R&D data presented here. Since 
S&EI-93, NSF has instituted annual sampling of industrial firms and increased the sample size 
from about 14,000 to 24,000 firms in order to produce statistics that more adequately reflect 
the widening population of R&D performers among firms in the nonmanufacturing industries 
and small firms in all industries, and to better account for births/deaths of new firms, mergers 
and acquisitions. Complete details on the new survey methodology for industrial R&D are 
contained in NSF 95-324, and a summary can be found in NSF 94-317. 


Another significant revision was in the data on Federal support for research and development. 
S&ET--93 contained preliminary estimates of $65 billion and $68 billion in Federal R&D 
support for 1992 and 1993, respectively (see Appendix table 4-4, S&EI--93). The S&EI--96 
report presents revised estimates of $60 billion for both 1992 and 1993 (see Appendix table 
4-4, S&EI--96). The rest of this note summarizes the reasons for revising the estimates. 


Sources of Data on Federal Support of R&D 

The Office of Management (OMB) collects data on Federal agencies support for R&D and 
R&D plant as part of its annual budget preparation process. In gathering R&D budget 
authority and outlay data, OMB directs agencies to use the same definitions of R&D that are 
used for reporting obligation data to NSF’s annual R&D surveys of Federal agencies (all 
defined on page 4-9, S&EIJ--96). Both the NSF and OMB collect data on past year and current 
year Federal R&D support and on outyear projections. The outyear estimates include budget 
proposals and amounts that reflect congressional appropriations, apportionment, and 
reprogramming decisions at the time of the survey, but are in advance of final data on 
authorizations, obligations, or outlays. 


NSF collects data at a fine level of detail for both performers and funders of R&D, and 
encourages agencies and firms to report revisions in historical time series when appropriate. 
NSF reports both national and sectoral R&D expenditure data (e.g., Appendix table 4-4, 
S&EI--96) and Federal R&D obligations data (e.g., Appendix table 4-17, S&ET--96) because 
both of these series provide useful information at different levels of dissaggregation and 
periods in time. 


There is no single survey of R&D activity in the United States. Rather, NSF sponsors a series 
of surveys to collect information on financial R&D resources in the various sectors of the U.S. 
economy--industry, Government, academia, and selected nonprofit organizations. These 
independent survey data are aggregated into R&D expenditure estimates (using survey data, 
and time series, analytical, and statistical models) so that the components of the R&D effort 
are placed in a national context. including data on: the national total of R&D expenditures; the 
sources of such funds; the sector performing the R&D. 


NSF constructs national R&D expenditure totals primarily based on data reported by 
performers because they are in the best position to (i) indicate how much they spent in the 
actual conduct of R&D in a given year and (ii) identify the source of their funds. Performer 
reporting also reduces the possibility of double-counting and conforms to international 
standards and guidance. But before performer-reported survey data on Federal R&D 
expenditures are available from industry and academia, data collected by OMB and NSF from 
the funders of R&D are used to project R&D performance. When survey data from the 
performers subsequently are tabulated, these statistics replace the projections that were based 
on the funders’ expectations. Details of the model, data sources, and estimating procedures 
are explained in NSF 92-330 and NSF 95-304. 


Revisions in NSF Data 

Data in S&EI-93 reflected the best figures available in the summer/fall of 1993. Performers 
reported approximately $59 billion in Federal R&D support for 1991 (see Appendix table 4-4, 
S&EI--93). Preliminary and projected estimates for 1992 and 1993 were in part based on the 
Administration’s 1993 budget proposal. Federal agencies reported to NSF and OMB 1992 
R&D support levels of $61 billion to $66 billion--depending on when the estimates were 
supplied and whether authorizations, obligations, or outlays were being measured--and 
expected increases ranging between $2 billion and $9 billion. 


Data in S&EI-96 reflect the best figures available in the summer/fall of 1995. In contrast to 
the prospective growth reported by Federal funders of R&D, performers reported receiving 
and spending much lower amounts: approximately $60 billion in Federal R&D for each year, 
1991, 1992, and 1993 (see Appendix table 4-4, S&EJ--96). The Federal amount to be 
reported by performers is projected to increase to approximately $61 billion for 1994 and 
1995. NSF currently is investigating the reasons for the recent divergence in data series 
reported by Federal agencies whose reported numbers continue to rise, and by the 
organizations that actually perform the R&D, whose reported numbers remain rather level. 


The difference in the Federal R&D data totals appears to be concentrated in funding of 
industry by the Department of Defense (DOD). Industrial firms report, for calendar year 
1993, $15 billion in R&D performance funded by contracts and grants from the DOD. This 
figure is almost $9 biliion less than the R&D amount reported by NOD to have been obligated 
to industrial firms in fiscal year 1993 ($24 billion). The DOD-reported total includes industry 
funding from its full research, development, test, and evaluation budget. Performer-based and 
funder-based data have always diifered somewhat. However, over the last few years, this 
difference has increased. NSF is continuing to work with DOD and the US Bureau of the 
Census (which conducts the survey of industrial R&D for NSF) to review these R&D data and 
estimates in order to verify and better understand the trends and changes that underlie them. 
Reports on these topics will be issued later in 1996. 


The U.S. National R&D system is in a period of major transition. NSF continues to monitor 
the changes occurring in the Nation’s R&D effort, and to examine ways to improve our data 
collection and analyses efforts. Reports on these topics will be issued in the future. The 
reader is invited to contact the NSF for recent data and reports at 703-306-1780, or at our 
world wide web address at http://www.nsf.gov/sbe/srs/stats.htm. 
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A View from the National Science Board 


|. Introduction 


The National Science Board is charged with focus- 
ing national attention on major issues of science and 
chyginecring (S&E) research and education. Science 
and Engineering Indicators, he Board's biennial re- 
port to the Congress submitted through the Presi- 
dent, presents a quantitative overview of the condition 
of the US. science and technology (S&1) enterprise. 
lo accompany Science and Engineering Indicators— 
1996, the Board offers this brief assessment of key 
policy issues facing the Nation as it seeks to sustain 
(oS leadership in science and engineering. 


ll. Entering an Era of Change 


During the Second World War, the United States 
turned to science and technology to ensure its securi- 
ty and defense. Since then, a consistent bipartisan 
policy of Federal investment in research and educa- 
tion tor civilian needs has built a research and educa- 
Hon enterprise of unparalleled scope and quality. 

Lhis policy has directly contributed to the Nation's 
economic growth, the productive use and cultivation 
ot its resources, and the health and well being of its 
people. US. investinents in science and technology 
constitute a legacy that increases in value as the 
Nation faces the challenges and opportunities of the 
21st century. 

The research and education institutions compris- 
ing the U.S. S&E enterprise now must reassess and 
redefine their roles and objectives for a new era, one 
no longer driven by the defense imperatives that 
shaped their evolution. The challenge of the future is 
to adapt the programs and organizations that have 
nurtured scientists and engineers so successfully 
over the past 50 years in order to meet the Nation's 
new opportunities, needs, and goals. 

This new environment will call for fresh approaches 
to setting priorities and responding to opportunities. 
Even in the best of circumstances, the exponential 
growth of scientific opportunities would require 
increased care in setting priorities. The limited re- 
sources imposed by the Federal budget constraints of 
the 1990s create an even stronger imperative to 
choose wisely and to weigh existing S&E activities, no 
matter how worthwhile, against the promise of new 
ideas and approaches. 

Based on new data, the Board highlights three key 
S&T policy goals: 


@ Making research and development (R&D) priorities 
consistent with new scientific opportunities, post- 
Cold-War national goals, and unavoidable resource 
limitations; 


@ Addressing current and future needs for a well- 
trained U.S. workforce, from universal basic sci- 
ence and mathematics literacy to the steady 
renewal and upgrading of human resource capaci- 
ties in S&E; and 


@ Strengthening the integration of research and 
education at the colleges and universities that 
have been the cornerstone of the U.S. S&T enter- 
prise’s success. 


The remaining sections of this statement describe 
relevant trends presented in Science and Engineering 
Indicators, discuss the key policy issues, and recom- 
mend actions. 


lll. Priorities for Federal R&D 

Funding Consistent with New 

National Goals and Resource 
Constraints 


Trends 

As concerns about U.S. economic performance have 
overtaken Cold War considerations, Federal R&D pri- 
orities have shifted away from defense and toward the 
civilian sector. The shift reinforces the trend toward 
academic institutions assuming a greater role in the 
total U.S. R&D effort.' Academic institutions are highly 
dependent on Federal funds to firance their perfor- 
mance of research. Shifts in emphasis and perfor- 
mance have occurred in the context of worldwide 
financial resource constraints. Mirroring the funding 
slowdowns in other major R&D-performing countries, 
overall growth in U.S. support for R&D has not kept 
pace with inflation in the 1990s. Federal outlays, 
which constituted 36 percent of total U.S. R&D spend- 
ing in 1995, have been falling in real terms each year 
since 1987." 

The academic sector has remained the Nation's 
largest performer of basic research. Between 1984 
and 1994, average annual constant dollar increases in 
R&D performed at universities and colleges exceed- 
ed, by at least a factor of two, performance growth in 
all other settings. Growth in Federal obligations for 
academic R&D, however, slowed in the beginning of 
the 1990s to half the rate in the late 1980s. Three 
Federal agencies supported the bulk of academic 
R&D in 1995: the National institutes of Health 
(NIH—53 percent), the National Science Foundation 
(NSF—15 percent), and the Department of Defense 


'National Science Board, Science and Engineering 
Indicators-1996, NSB 96-21 (Washington, D.C.: Government 
Printing Office, 1996), Chapter 4 and Chapter 5. 

“Thid.; Chapter 4 and Chapter 5. 


(DOD—12 percent). Since their support is concentrat- 
ed in different academic fields, Federal financial con- 
straints have different effects on education and 
research in various disciplines.” 


issues 

Shilling national goals for science and technology 
and current Federal funding constraints will have 
important long-term effects on the U.S. 2&D enter- 
prise and on the continuous expansion of the S&E 
knowledge base needed to sustain national produc- 
tivity and quality of life in the 21st century. The 
lederal response to these conditions will have spe- 
cial impact because of the Government's roles as 
major funder, user, and producer of R&D results. 
Current circumstances dictate reconsideration of 
lederal research pr vities and decision rules on 
arcas, levels, and directions of Federal funding. 

New opportunities for domestic and international 
partnerships are creating a more robust and diversi- 
fied base of support for S&E research. International 
collaboration opens the way to new research possibil- 
ities and promotes cost-sharing of expensive facilities. 
Recent domestic R&D partnerships among govern- 
ment, academia, and industry are also ripe for 
strengthening. The increasing importance of such 
partnerships underscores the need for more focused 
attention on such issues as when the Federal Govern- 
ment should initiate, lead, or follow in a research 
partnership and on how the government can protect 
both research openness and U.S. intellectual inter- 
ests. Another prominent new issue is whether 
lederal goals for R&D investments should take into 
account the potential for creating jobs or enhancing 
U.S. industrial competitiveness. 

[-xplicit consideration of the interdependence 
beiween, and the synergy among, the various ele- 
ments of the U.S. R&D enterprise is of utmost impor- 
tance. A reconsideration of research priorities could 
lead to significant Federal funding reallocations which, 
if made without regard to the impact on R&D, could be 
inefficient and even damaging. Experience suggests 
that the S&E knowledge base is best nurtured by long- 
term investment supported by reliable multiyec. bud- 
gets. However, both are difficult to sustain in an 
environment that combines change and fiscal con- 
straint. The National Science Board recommends 
three essential first steps toward creating an effective 
Federal R&D process for this new era. 


‘Tbid.; Chapter 4 and Chapter 5. 


Recommendations 


@ When establishing strategic goals for Federal re- 
search investments and principles for setting R&D 
funding priorities, Federal policymakers should 
strive for performance at a world-class level in all 
major areas of science and engineering and preemi- 
nence in a number of select fields. 


@ Policymakers should institute a new R&D budget- 
making process within the Executive Branch and 
Congress that enables them to (1) pay careful atten- 
tion to the complex connections and mutual depen- 
dencies among U.S. R&D performers and users; 

(2) weigh the long-term consequences of specific 
funding decisions; and (3) coordinate Federal 
choices and trade-offs strategically within science 
and technology and across science and technology 
and other major budget categories. 


@ Federal policymakers should pursue international 
S&T cooperation to take advantage of valuable 
world resources, both material and human, in 
order to investigate global research questions and 
to share costs. 


IV. Needs of Current and Future 
Generations for a Well-Trained 
Workforce 


Trends 

In the 1990s, U.S. industry's use of advanced tech- 
nologies continues to increase, creating greater de- 
mand for more educated employees and for a general 
workforce with greater technical knowledge and skill. 
Industry has continued to employ a majority of the 
graduates earning U.S. S&E baccalaureate or postbac- 
calaureate degrees, including Ph.Ds. Overall, the nu.» 
ber of S&E jobs in industry increased by 2.5 percent 
between 1990 and 1993, with growth concentrated in 
occupations that required computer-related and mathe- 
matical skills. Hiring in other S&T fields declined.‘ In 
the 1990s, the service sector became the leading 
industrial employer of scientists in the United States 
and four of the other major member countries of the 
Organisation for Economic Co-operation and Develop- 
ment. More than half of U.S. scientists and engineers 
working in industry are now in nonmanufacturing 
businesses. 


Wbid.; Chapter 3. 


Issues 

To remain competitive in today’s global market- 
place, the United States will need workers and entre- 
preneurs who are educated in science, mathematics, 
and engineering and are able to understand and use 
S&Eb research results and technological capabilities. 
To gain new knowledge and exploit novel processes 
and products, the United States also will need a cadre 
of scientists and engineers prepared to use their edu- 
cation and skills in a wide variety of employment set- 
tings. Finally, to address important national and 
vlobal challenges, all members of US. society will 
necd a foundation in mathematics, science, and engi 
neermy that enables them to make informed dect- 
sions about complex issues involving science and 
lechnolows. 

For these reasons, Federal policymakers have an 
overriding interest in engendering and maintaining a 
basic understanding of, and baseline skills in, science, 
inathematics, and engineering in the United States. 
Historically, Government has supported S&E educa- 
lion, wilh a special focus on postbaccalaureate train- 
ing, primarily in the context of Federal R&D mission 
voals. Future needs call for a Federal approach to 
human resource development in science and technol- 
ogy that goes beyond these mission goals for R&D, 
cuts across all levels of education, and includes all par- 
ticipants in the educational process. 

The challenge for government policymakers and 
their partners is to implement this new approach 
through programs aimed at improving science, math- 
ematics, enginecring, and technology education and 
through decisions made in the R&D funding process. 
In this context, the National Science Board recom- 
mends three immediate actions. 


Recommendations 


@ National S&T policies must include a component 
that addresses the role of science and technology in 
the development of the Nation’s human resource 
base. This must focus on revitalizing K-12 science 
and mathematics education at system-wide levels, 
emphasizing partnerships among diverse communi- 
ties and all sectors of the economy and encompass- 
ing the education and training of S&E personnel in 
the context of excellence in science, mathematics, 
engineering, and technology for all Americans. 


@ Agencies’ R&D funding decisions have an impact on 
human resource development. Federal S&T policies 
should require agencies to take these effects into 
account when making funding decisions. For exam- 
ple, funding constraints may adversely affect the new 
partnerships among Federal agencies and laborato- 
ries, industry, universities, and schools that empha- 


size science and mathematics standards in expand- 
ing system-wide K-12 education reforms. Likewise, 
funding decisions have an impact on undergradu- 
ate, graduate, and postdoctoral students, affecting 
both the extent of support to their educational pro- 
grams and the nature of those programs. 


@ Federal S&T policies should promote the use of 
networking and information technologies, libraries, 
museums, community colleges, and S&T centers to 
increase public understanding of science and technol- 
ogy and to assist the workforce in adopting new skills. 


[:stablishing these policies will require an expand- 
ed information base on science and technology in the 
development of human resources. The National 
Science Board expects NSF, working with interested 
partners, to compile, analyze, and disseminate the 
information needed for all scientists and engineers to 
understand labor market conditions more fully. 
Future volumes of Science and Engineering Indicators 
ought to include this information. The Board also 
expects NSF to conduct experiments designed to 
develop the educational programs best suited to 
evolving employment conditions. 


V. Integration of Research 
and Education at U.S. Colleges 
and Universities 


Trends 

The magnitude of the current U.S. higher educa- 
lion enterprise is unmatched, internationally or his- 
torically. In 1993, more than 3,600 U.S. institutions of 
higher education enrolled almost 15 million students, 
more than double the number enrolled in 1967. 
These institutions awarded 2 million degrees, one- 
quarter of which were in S&E fields.” Federal support 
of basic research has had a significant effect on both 
graduate S&E education and academic employment. 
For example, many doctoral students in S&E pro- 
grams have received their primary financial support 
from research assistantships. Also, the 3-percent 
annual employment growth of doctoral scientists and 
engineers on U.S. campuses during the 1980s has 
slowed and is confined largely to nonfaculty posi- 
lions, many in research areas supported by the 
Federal government.® 

Most faculty who make substantial time invesi- 
ments in research also have teaching responsibili- 
ties.‘ In fact, teaching and research can reinforce 


‘Tbid.; Chapter 2. 
"Ibid.; Chapter 5. 
‘Tbid.; Chapter 5. 


each other. Great teaching ts a form of synthesis and 
scholarship. At the precollege level, however, many 
mathematics and science teachers have very little 
training in mathematics and science. In 1995, less 
than 4 percent of elementary mathematics and sci- 
ence teachers had majored in mathematics, mathe- 
inatics education, science, or science education. At 
the high school level, the picture is better: More than 
60 percent of the math teachers and more than 70 
percent of the science teachers had in-field majors 
m 1995. 

lndividuals who have completed more years of for- 
mal schooling and more courses in science and math- 
ematics are significantly more likely than other U.S. 
cilizens to understand the nature of scientific inquiry 
aud the research process. Nevertheless, only about 
one-quarter of U.S. adults understand the nature of 
scientific inquiry well enough to make informed judg- 
ments about results reported in the media.” 


Issues 

The tS. research enterprise has been enormously 
successtul, inspiring imitation throughout the world. 
A key component of this success is the investment of 
lederal research dollars, through NSF and other 
agencies, in institutions of higher learning, simultane- 
ously supporting investigation and education. Re- 
search universities are the primary vehicles for 
current U.S. investments in fundamental S&E 
research and the locus of public investments in the 
technologically sophisticated and scientifically trained 
populace. 

A major challenge facing Federal policymakers is 
to preserve and strengthen this integration of re- 
search and education at U.S. colleges and universi- 
lies. In so doing, policymakers will promote public 
understanding of scientific inquiry and reinforce pub- 
lic confidence in the value and quality of the research 
and educational process. For the overall S&E enter- 
prise to flourish, the pieces need to be strong individ- 
ually, and their interactions need to be enhanced. 

Science, mathematics, and engineering need to be 
integrated from K-12 science education all the way 
through research at the frontiers. An educated public 
and future scientists and engineers are both important 
goals of this integration. Many U.S. colleges and univer- 
sities make research experience a regular part of 
undergraduate education in science. For example, with 
support from NSF, K-12 teachers and high school and 
undergraduate students are able to work with faculty as 
assistants on research projects, experiencing discovery 
and coming to understand the true nature of science. 


“Thid., Chapter 1. 
“Tbid.; Chapter 7. 


NSF information suggests that some schools are 
exceptional at preparing select groups of students to 
understand particular areas of science and engineer- 
ing. While there is no single model for how best to 
integrate research and education, the Nation needs to 
explore the possibilities. 


. Recommendations 


@ Integration of research and education ts in the 
national interest and should be a national objective. 
To advance this goal, Federal S&E policies should 
strengthen efforts to promote the integration of 
research and education at all levels and should sup- 
port innovative experiments in this area. 


@ Confidence that academic research enriches the edu- 
cational process at U.S. colleges and universities 
underpins public support for science and engineering. 
Federal S&E policies should promote public aware- 
ness of model higher education institutions and pro- 
grams that have demonstrated leadership in 
strengthening the synergy between research and edu- 
cation. 


Vi. Conclusions 


The U.S. S&T enterprise serves as a wellspring of 
creativity and discovery as the Nation faces the next 
millennium. In order to preserve the integrity and 
vitality of this enterprise and U.S. leadership in sci- 
ence and engineering, the National Science Board 
recommends new approaches to setting Federal R&D 
priorities and developing coherent budget strategies. 
The Nation must put absolute priority on educating 
and training all members of society in mathematics, 
science, and engineering so they may be productive!’ 
employed in an increasingly sophisticated global 
economy. This educational process is a lifelong 
endeavor, an opportunity that U.S. colleges and uni- 
versities can revitalize, in cooperation with Federal 
agencies, by promoting the integration of research 
and education at all levels. A reinvigorated S&T enter- 
prise, in which all components appreciate and rein- 
force their own and one another's essential role, will 
enable U.S. society to meet successfully the techno- 
logical challenges of the 21st century. 
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The Cover 


The cover shows the evaluation of a mathematical function. This mathematical visualization image 
was created by Nicholas Priebe, an undergraduate student at the San Diego Supercomputer Center 
(SDSC), a national laboratory for computational science and engineering established by the National 
Science Foundation. The color of each pixel in the 4096 x 4096 matrix represents the value of that 
point of the function 


sin(t"” /(m+1)) 


where the value of t ranges from 0 to 7 and of » from 0 to 10. An interactive function parser developed 
by Priebe evaluated the expression. The values of the function were calculated using 48 nodes of 
SDSC’s Intel Paragon supercomputer. 


The image conveys the beauty and elegance of science and represents the value that the National 
Science Foundation places on the integration of research and education. The entire computation, 
including function parsing and disk I/O, took only 1 minute. This image demonstrates the power of 
parallel computing for interactive tasks, such as trial mathematical functions evaluations, thereby high- 
lighting the impact of advancements in computing instrumentation in spurring progress in numerous 
fields of science and engineering. For further information, contact the San Diego Supercomputing 
Center at Webmaster@sdsc.edu. 


Cover design by Pat Bryant and Rachel Delgado-Simmons, National Science Foundation 
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Letter of Transmittal 


NATIONAL SCIENCE BOARD 
4201 WILSON BOULEVARD 
ARLINGTON, VIRGINIA 22230 


January 11, 1996 
The Honorable William J. Clinton 
The President of the United States 
The White House 
Washington, DC 20500 


Dear Mr. President: 


It is my honor to transmut to you, and through you to the Congress, the twelfth in the 
series of biennial Science Indicators reports, Science and Engineering Indicators - 
1996. The National Science Board submits this report in accordance with Sec. 4 
(j)(1) of the National Science Foundation Act of 1950, as amended. 


Continued investment in science and technology is critical to protecting our Nation's 
economic growth, the vitality of our industries, the productive use and husbanding of 
our resources, and the health and well being of our people. Science and Engineering 
Indicators contributes to a better understanding of this Nation’s science and technol- 
ogy capabilities and helps to illuminate the importance of our investment in research 
and education and of strengthening the ties between them. 


In an era of increased emphasis on assessment of government and university perfor- 
mance and industrial benchmarking, Science and Engineering Indicators provides 
decisionmakers and analysts in both the public and private sectors with a broad base 
of quantitative information and analysis regarding science, engineering, research, and 
education in the United States. Additionally, the Indicators report offers valuable com- 
parative information on science and technology in other countries—the result of long- 
term collaborative efforts to support the continuous improvement and comparability 
of international data sources. The Board is proud to note that Science and Engineering 
Indicators has become an international standard for reporting on trends in science 
and technology and is much emulated by other nations. 


The National Science Board expresses the hope that you, your Administration, and 


the Congres: will find this report useful as you deliberate on and determine the poli- 
cies and priorities for our Nation. 


Respectfully yours, 


Sra \Qoor 


Frank H.T. Rhodes 
Chairman 


/| 
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introduction 


Forty-Five Years of National Science 
Board Involvement with Science 
and Engineering Data 


On May 10, 1950, President Truman signed into law 
the act that created the National Science Foundation 
(NSF) “to promote the progress of science; to advance 
the national health, prosperity, and welfare; to secure the 
national defense; and for other purposes.” According to 
the act, the Foundation would consist of a National 
Science Board and a director. 

As amended, the act calls on the National Science 
Board to render to the President, every even-numbered 
year, a report, for submission to the Congress, on indica- 
tors of the state of science and engineering in the 
United States. It also specifies that one of the major func- 
tions of the NSF is “to provide a central clearing house 
for the collection, interpretation, and analysis of data on 
scientific and engineering resources and to provide a 
source of information for policy formulation by other 
agencies of the Federal Government.” 

From the beginning, indeed even before the National 
Science Board and the National Science Foundation 
were established, a principal purpose envisioned for the 
organization was to provide the President and the 
Congress with objective, quantitative information on the 
status of the Nation’s science and engineering (S&E) 
resources as a basis for formulating science policy. 

In September 1950, with the Korean War only 3 
months old and threatening to expand, the Bureau of the 
Budget commissioned William T. Golden to conduct a 
study regarding the organizational needs of the 
United States for science and engineering policy and 
how the Nation might best mobilize its scientific 
resources for a possible protracted military conflict. In 
this advisory report to the President, Golden suggested 
that the NSF should conduct a number of assessments 
and surveys including:' 


# a comprehensive review detailing the significant 
areas of basic research now being studied in the 
United States and showing these areas separately 
for research supported by universities, by industry, 
and by the government...and, to the extent practi- 
cable...cover work in process in friendly foreign 
countries and cover the major sciences including 
the social sciences... 


'See Impacts of the Early Cold War on the Formulation of U.S. 
Science Policy: Selected Memoranda of William T. Golden, October 
1950-April 1951, edited by William A. Blanpied, Washington, DC: 
American Association for the Advancement of Science, 1995. 


® a comparable survey detailing the existing support 
for graduate and undergraduate education in the 
sciences by the many public and private agencies 
so engaged... 


* a quantitative study of the scientific manpower 
resources of the United States. The categories 
would include scientific and technical specialties, as 
well as degrees of proficiency, years of experience, 
age brackets, and the like... 


® a review of basic research activities of the Govern- 
ment agencies. ... 


Many of these activities were incorporated into the 
NSF Act of 1950. Even before the Congress required it to 
do so, the Board developed the biennial Science and 
Engineering Indicators report series. The goal for the 
report was to describe major scientific advances and 
technological achievements, as well as gauge the contri- 
butions of science and technology (S&T) both to specific 
national goals and to the broad national welfare. 


The post-Cold-War era has ushered in the need to 
reexamine national and international commitments, 
change priorities, and increase emphasis on accountabil- 
ity in the public sectors. Such change brings an 
increased need to understand and measure past trends 
and current levels of effort and capabilities in science 
and engineering in order to better set priorities and 
determine a wise course for the future. 


Serving Our Audience Better 


It has been more than 2 decades since the National 
Science Board issued the first edition of the Science and 
Engineering Indicators report series. With each succes- 
sive report, the Board has refined and improved the indi- 
cators presented. Coverage has expanded to include 
output as well as input indicators and some indicators of 
the impact and outcomes of science and engineering. 

Science and Engineering Indicators is both a reference 
document and a policy document. The report now serves 
the needs of a wide audience, including decisionmakers 
in government, industry, academia, nonprofit organiza- 
tions, and professional societies. /ndicators data provide 
a useful benchmark for the efforts now underway to 
measure the performance of the Nation’s S&E enter- 
prise. 

One of the continuing objectives of the Board is to be 
relevant to its kroad audience in the United States and 
abroad who have come to rely on comprehensive and 
objective indicators for assistance in fulfilling their 
responsibilities. One of the purposes and functions of the 
Science and Engineering Indicators reports is to identify 
and follow changes in the S&E enterprise and its compo- 
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nents over time, and thereby to reveal strengths and 
potential problems. Additiorally, as new issues have 
emerged, the report has tried to develop related indica- 
tors to better understand these phenomena. 

The National Science Board and the National Science 
Foundation, in cooperation with the Organisation for 
Economic Co-operation and Development (OECD), have 
continued to provide world leadership in expanding 
international S&T data coverage, improving S&T indica- 
tors worldwide, and enhancing international S&T data 
exchange. In addition to working bilaterally with numer- 
ous countries, cooperation has intensified with multina- 
tional organizations, including the European Union (EU), 
the Asia-Pacific Economic Cooperation (APEC), the 
Pacific Economic Cooperation Council (PECC), the 
Organization of American States (OAS), and the North 
American Free Trade Agreement (NAFTA). 

One of the continuing objectives of the Board is to 
enhance the worldwide dissemination of the data and 
analysis to those who have come to rely on comprehen- 
sive and objective indicators. Thus, the Science and 
Engineering Indicators report is now being made avail- 
able on the World Wide Web, under the NSF home page 
or directly using the address http: /www.nsf.gov/sbe/ 
srs/stats.htm. 


New Developments in this Report 


As noted above, the Board has continuously improved 
and updated Science and Engineering Indicators by 
expanding its coverage, refining the methodologies, and 
making changes in the presentation and analyses of the 
indicators. 

An important addition in the current report is the in- 
clusion of an exploratory chapter that seeks to explain 
and provide examples of how S&E research has affected 
the economy and society. It summarizes some of the 
major research on economic returns to R&D and finds 
that while there are differences in the estimates of the 
S&E contributions (depending on the specific area of the 
economy and the scientific enterprise examined), 
researchers in the field agree that R&D investments 


Introduction 


have significant positive effects on economic growth and 
the overall standard of living. Less research has been 
done on the impacts of S&E research on other aspects of 
the quality of life. Indeed, even the concept of quality of 
life is not well understood. As research in these various 
fields progresses, it may be possible to develop and elab- 
orate new approaches, methodologies, and indicators in 
this area of endeavor in future reports. 

The report also presents a number of new indicators 
highlighting developing issues and trends. The overview 
offers a more comprehensive summary, but some of the 
new topics covered in this report are worth highlighting 
here: 


@ The report provides new data on information indus- 
tries and technologies and demonstrates that com- 
puter availability and usage in the home, industry, 
and academia is widespread and increasing. 


@ Another recent trend documented in the report is the 
increasing importance of the service sector to sci- 
ence and technology worldwide. 


@ The report provides increased international coverage 
not only of the G-7 countries, but also of the newly 
industrialized economies, such as South Korea, 
Taiwan, and Singapore. 


@ It also presents new and expanded indicators docu- 
menting intensified international interaction and 
globalization of science and technology and showing 
the United States as a central focus of much of the 
international S&E collaboration. 


The Nation’s science priorities have changed over the 
past 45 years, but there is widespread consensus in the 
Congress and in the Administration over the need to 
support basic research. The National Science Board 
hopes that Science & Engineering Indicators—1996 will 
be useful to policymakers in the public and private sec- 
tor as they decide on investments, set priorities, and 
assess performance in order to make the most effective 
use of our S&E capabilities. 


Overview 
science and Engineering 
at the Crossroads 


SCIENCE AND ENGINEERING AT THE CROSSROADS 


&e 
“Through scientific discovery and 
technological innovation, we enlist 
the forces of the natural world to 
solve many of the uniquely human 
problems we face—feeding and 
providing energy to a growing 
population, improving human 
health, taking responsibility for 
protecting the environment and the 
global ecosystem, and ensuring our 
own Nation's security. Scientific 
discoveries inspire and enrich us, 
teaching us about the mysteries of 
life and the nature of the world.” 


PRESIDENT WILLIAM J. CLINTON AND 
VICE PRESIDENT ALBERT GORE, JR. 
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S cience and engineering (S&E) research in the United States has 
helped to build our economy, improve our standard of living, and 
ensure our quality of life. It is vital to our Nation’s future. For many coun- 
tries, science and technology (S&T) investments are also a major priority 
in their development strategies. As we face the crossroads of a new cen- 
tury with unknown opportunities and challenges, it is essential that we 
invest wisely in S&E research and education to provide our diverse popu- 
lation with the knowledge and skills needed to function effectively in an 
increasingly knowledge-based society. The investment is also vital as a 
means to develop new ideas, improve productive capacity, and ensure an 
environment that stimulates innovation and entrepreneurship. 

Many countries, including the United States, are facing economic 
pressures and budgetary constraints. Although widespread consensus 
exists regarding the importance of investment in research and develop- 
ment (R&D), it is difficult to know what the optimal level of investment 
should be and which areas should receive the investment. This report 
provides a basis from which to analyze these issues, presenting a wide 
range of S&T indicators that show trends over time and across countries. 

Decisionmakers in all sectors are striving to be more effective and 
productive. They are interested in benchmarking and evaluating their 
performance in relation to past efforts and in comparison with others, a 
particularly difficult task when applied to research. This report provides 
information about the output of science and technology and how 
research results influence daily life. This information is helpful because 
it provides aggregate data on which to set the framework for more spe- 
cialized performance measures. 

Because S&T capabilities and economic activity are global in nature, 
this report describes U.S. science, engineering, and technology trends 
in a global context and provides insight on how investments and priori- 
ties are changing over time. It provides data and analyses on U.S. and 
foreign S&T capabilities and presents trends on international coopera- 
tion and competition. 

Since S&T human resources, in all their diversity, are essential to our 
economy and national security, the report presents information on the 
S&E pipeline: precollege education, higher education, and the S&E 
workforce. In addition, the report presents information on the economic 
and societal context of science and technology. It discusses public atti- 
tudes and understanding of science and technology, and a new chapter 
analyzes some of the social and economic impacts that science and tech- 
nology have on our lives. 

This overview section highlights some of the cross-cutting themes 
and findings in this report. 


The United States is main‘aining worid leadership 
in science and technology, but other countries 
are increasing their capabilities. 


@ The Ur 'ted States is a world leader in S&T, but, based on a variety 


of indicators, that leadership has narrowed in relation to other 
countries, which have major commitments and capabilities in S&E 
and have increased their resources over the past 2 decades. 
Despite this trend, there has recently been a slowdown in the 
growth in most industrialized countries. 


@ The worldwide distribution of R&D performance is highly concen- 


trated in several industrialized nations. Of all the countries belong- 
ing to the Organisation for Economic Co-operation and 
Development (OECD), only seven spend about 90 percent of the 
approximately $380 billion in total R&D expenditures. The United 
States alone accounts for about 44 percent of the OECD total. In 
1993, the United States spent more than the next four largest per- 
formers—Japan, Germany, France, and the United Kingdom—com- 
bined. Canada and Italy are also considered major R&D performers, 
representing 2 and 3 percent of the OECD total, respectively. 


Total U.S. expenditures for R&D were $171 billion in 1995, or 2.4 
percent of the gross domestic product (GDP). In 1993, the 
R&D/GDP ratio in the United States was 2.6 percent, compared 
with Germany’s ratio of 2.5 percent and Japan’s ratio of 2.7 percent. 


In the 1990s, growth in R&D funding in the United States has not 
kept pace with inflation. Although national R&D investments 
reached an all-time high in 1995, this amount actually represented 
a 2-percent decline in constant dollars compared with the 1990 
level. Neither of the two major sources of R&D support—industry 
(which finances roughly 60 percent of the total) and the Federal 
Government (which provides 36 percent of the total) —matched 
the rate of inflation. Industry funding was essentially flat between 
1991 and 1995. Federal funding has been falling annually (in real 
terms) since 1987. 
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“The important truths [are] that 
knowledge is power, knowledge is 
safety, knowledge is happiness.” 
THOMAS JEFFERSON 
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“Knowledge humanely applied 
makes human progress possible.” 
FRANK H.T. RHODES 


Chairman 
National Science Board 
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®@ In the early 1990s, total R&D expenditures stagnated or declined in 
each of the largest R&D-performing countries. In many countries, 
the R&D/GDP ratio has fallen from recent peaks. Economic reces- 
sion and general government budgetary constraints have slowed 
R&D support in both industrial and government sectors in Japan, 
resulting in a drop in the R&D/GDP ratio from 2.9 percent in 1990 
to 2.7 percent in 1993. In Germany, the integration of the new 
Laendern (former East Germany or GDR) has resulted in a slow- 
down of investments in research, after the initial increase in 
resources at the time of reunification; Germany’s ratio fell from 2.9 
percent at the end of reunification to 2.5 percent in 1993. The U.S. 
ratio declined from 2.8 percent in 1991 to 2.4 percent in 1995. 


@ Between the early 1980s and 1993, growth in U.S. nondefense R&D 
spending was similar to growth in other countries, with the excep- 
tion of Japan, whose nondefense R&D grew notably faster than that 
of the United States. Nondefense expenditures have become espe- 
cially relevant now that the Cold War is over. 


@ Japanese nondefense K&D spending grew to 53 percent of U.S. 
nondefense R&D in 1993 from 42 percent in 1981. In 1993, the com- 
bined nondefense R&D spending in Japan, Germany, France, and 
the United Kingdom was $119 billion constant dollars—8 percent 
more than in the United States ($106 billion constant dollars). 

@ National S&T capabilities are influenced by financial investments, 
and are also undergirded by the education systems that develop 
human S&E qualifications. In 1992, more than one million students 
worldwide successfully completed their first university degrees in 
natural science and engineering (NS&E) fields. The number of 
NS&E degrees produced in Europe and North America combined 
was approximately equal to the number of NS&E degrees pro- 
duced in six Asian countries. 

® The United States remains one of the leading countries worldwide 
for supporting a system of higher education that reaches a broad 
spectrum of citizens. Almost one-third of the college-age popula- 
tion earns a bachelor’s degree in some field. In Japan, about one- 
fourth of all 24-year-olds obtain college degrees. Only a few 
countries with smaller populations, such as Canada and Norway, 
have participation rates in university education that are similar to 
the United States. However, Japan, Canada, the United Kingdom, 
and some Central European and Asian countries have higher par- 
ticipation rates in NS&E degrees than the United States. 


@ In the 1980s, the size, in absolute numbers, of the college-age popu- 


lation began to decline in the United States and the highly industri- 
alized countries of Western Europe. In the United States, a decline 
in the size of the 20- to 24-yehr-old age group has been mirrored by 
a decline in the number of NS&E degrees produced. However, this 
decline has not taken place in Europe. In Asia, India and China’s 
growing populations have translated into an increase in the number 


of NS&E degrees produced. 


® Japan has only 55 percent of the number of scientists and engi- 
neers engaged in R&D as the United States. However, Japan has 
surpassed the United States in the proportion of such researchers 
to their respective workforces. In 1993, the ratio of R&D scientists 
and engineers per 10,000 laborforce was 79.6 in Japan compared 
with 74.3 in the United States. The latest ratio was 61.5 for 
Germany, 54.8 for France, and 48.0 for the United Kingdom. 


The U.S. share of the world’s influential scientific publications far 
exceeds the share of any other country, but it has been declining 
gradually as other countries have been developing their S&T capa- 
bilities. In 1993, the United States contributed 34 percent of the 
world’s S&T articles published in a set of peer-reviewed interna- 
tional journals. Other major producing countries were Japan (9 
percent), the United Kingdom (8 percent), Germany (7 percent), 
and France (5 percent). The newly independent states of the for- 
mer Soviet Union contributed about 5 percent of the total. 


In terms of regional production of scientific articles, North 
America accounted for 38 percent; Western, Northern, and 
Southern European countries combined for 34 percent; the former 
Soviet Union, along with Central and Eastern European countries 
produced another 8 percent; and Asia accounted for 14 percent. 


Research portfolios differ among regions. U.S. scientific publications 
are concentrated in the fields of clinical medicine, biomedical 
research, and earth and space sciences. Major European nations 
place relatively more emphasis on chemistry and physics, and less 
on the medical and life sciences. Publications from Asian nations are 
concentrated in chemistry, physics, engineering, and technology. 


Foreign researchers cite U.S. articles more frequently than articles 
by researchers in their own countries, which is an indication that 
U.S. scientific and technical articles are considered to be very use- 
ful to the world’s scientists. 
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“Research is one of the Nation’s very 
greatest resources and the role of the 
Federal Government in supporting and 
stimulating it needs to reexamined.” 
FRANKLIN D. ROOSEVELT 
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Newly industrialized economies (NIEs) are improving 
their scientific and technological capabilities. 


® NIEs have assigned a high priority to building a human resource 
capacity in science, mathematics, and engineering, and they are 
succeeding. For example, Taiwanese and Korean elementary and 
secondary students scored the highest on international mathe- 
matics and science assessments. In 1992, more than half of all 
university degrees in China were in NS&E fields; while about one- 
third of all degrees in Singapore, South Korea, and Taiwan were 
in these fields. 


® Students from NIEs frequently come to the United States for grad- 
uate training. Many are now returning home after graduation. The 
percentage of Korean and Taiwanese S&E doctoral recipients with 
firm plans to stay in the United States after receiving their doctor- 
al degrees has declined in large part because these students have 
more opportunities to apply their knowledge and skills in their 
home countries. 

@ NIEs have substantially increased their own investments in R&D 
and have attracted foreign investment in R&D. U.S. investment in 
R&D in both Singapore and Indonesia surpasses the investment 
that the U.S. makes in several European nations. 


® South Korea, Hong Kong, Taiwan, and Singapore increased their 
production of scientific publications in the world’s influential jour- 
nals from about 1,000 in the early 1980s to more than 6,000 in 
1993. China produced 5,000 S&T articles in 1993, up from 1,100 in 
1981. This represents an increase from approximately 0.3 percent 
to 1.5 percent each in world share for China and other industrializ- 
ing economies in East Asia. 

® NIEs, notably Taiwan and South Korea, dramatically increased 
their patent activity in the United States during the last half of the 
1980s and the early 1990s. Inventors from Taiwan and South 
Korea are earning an increasing number of U.S. patents in technol- 
ogy fields related to communications and electronic components. 


® Several newly industrialized Asian economies are purchasing U.S. 
advanced technology products at levels that rival those of more 
advanced European countries. In 1993, South Korea became the 
second largest consumer (after Japan) of U.S. technology sold as 
intellectual property. 


Science and technology globalization 
trends are intensifying. 


® International industrial research/technology partnerships contin- 
ue to grow in the 1990s. Although the rate of growth in the total 
number of known international multifirm R&D alliances may have 
tapered off since the late 1980s, such partnerships are still 
expanding in several core high technologies, notably in informa- 
tion technologies. 

@ International coauthorship of S&T publications has increased 
markedly. In 1993, roughly half of all journal articles in a selection 
of the world’s most influential S&T journals had more than one 
author and about one-quarter of these involved international coau- 
thorship. The number of such coauthored articles increased by 
150 percent from 1981 to 1993, from 21,000 to 52,500. In contrast, 
the total number of articles in S&T journals increased by only 20 
percent during the same period. 


® The United States is a major participant in much of the internation- 
al scientific collaboration. From 20 to 25 percent of all internation- 
ally coauthored papers by European researchers involved U.S. 
authors. For Japan, India, and China, the U.S. proportion of their 
international collaborative papers ranges between 30 and 45 per- 
cent. For the NIEs of Asia, half of all their international coauthor- 
ship was with U.S. researchers. In contrast, U.S. patterns of 
international cooperation are not concentrated in any one country; 
no single country’s authors exceed 12 percent of the United States’ 
internationally coauthored papers. 


U.S. national science priorities continue to shift. 


® Government R&D funding priorities continue to shift; they are cur- 
rently subject to political uncertainty. Defense accounts for 53 per- 
cent of the estimated 1996 Federal R&D effort, down from its 
69-percent peak share in 1987. Most growth in Federal R&D fund- 
ing since then has been for health (particularly AIDS-related) and 
space programs. 


® Since 1990, industry-related applied research programs and agen- 
cies with a focus on environmental research/natural resources 
issues have experienced considerable growth in Federal R&D 
funding. Both of these Administration funding priorities are being 
closely scrutinized in current budget deliberations. 
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“The United States is in the midst 
of many spirited political debates 
about national priorities and 
public spending... However, we 
have found that science is an 
area where both political parties 
can find common ground, and in 
necessarily create discontinuities.” 
JOHN GIBBONS 


Director, Office of Science and 
Technology Policy 
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@ The decrease in defense funding and efforts to reduce the budget 
deficit have had major impacts on Federal R&D funding. The De- 
partment of Defense (DOD) and the Department of Energy (DOE), 
two of the seven Federal agencies that support more than $1 billion 
of R&D activity, had constant-dollar reductions in R&D obligations 
during the 1990s. In fiscal year (FY) 1995, DOD accounted for 
roughly half of all Federal R&D obligations. This figure is down 
from nearly two-thirds of the total in 1986, at the height of the 
defense build-up. DOD funding priorities now emphasize increased 
support for dual-use technology development. 


@ Federal investment in civilian R&D activities has increased, 
including support for research aimed at technology advancement 
and improving health and the environment. The Department of 
Health and Human Services (HHS) had the largest absolute 
increase—$3.0 billion—in Federal R&D obligations during the 
1990s. The proportion of all U.S. R&D funding devoted to health- 
related projects has been increasing continuously for nearly a 
decade. 


The Commerce Department registered the largest percentage 
increase in Federal R&D obligations during the 1990s, but this was 
from a very small base. Nearly all of this gain was attributable to 
rapid expansion of the National Institute of Standards and 
Technology (NIST) Advanced Technology Program (ATP), a pro- 
gram likely to be cut back or eliminated in the near future. 


Interagency coordination of R&D budgets 
has received increased emphasis. 


@ There is increased emphasis on reviewing and coordinating Federal 
R&D budgets, including basic research, with a focus on broad nation- 
al goals in addition to agency missions. The cabinet-level National 
Science and Technology Council (NSTC)! established broad national 
goals for Federal science and technology investments which include 
the following’: 

—Maintain world leadership in science, engineering, and 
mathematics; 


'President Clinton established the National Science and Technology Council by 
Executive Order on November 23, 1993. The Council has Coordinating Committees in 
R&D in the following areas: Fundamental Science; International Science; Engineering and 
Technology; Health Safety and Food; Environment and Natural Resources; Education and 
Training; Information and Communication; Civilian Industrial Technology; Transportation 
Research and Development; and National Security. 

Office of Science and Technology Policy, Executive Office of the President, August 
1994, Science in the National Interest, Washington D.C. 


—Promote long-term economic growth that creates jobs; 
—Sustain a healthy, educated citizenry; 

—Improve environmental quality; 

—Harness information technology; and 

—Enhance national security. 


@ In the Administration’s budget for FY 1996, six cross-cutting initia- 


tives, amounting to a total of $7.8 billion, were proposed in the fol- 
lowing priority areas identified by the NSTC: 
—Technology and Learning Challenge—$335 million; 
—Partnership for a New Generation of Vehicles—$333 million; 
—Construction and Building—S169 million; 
—Physical Infrastructure for Transportation—$321 million; 
—Environment and Natural Resources—S5.5 billion; and 
—High Performance Computing and Communications— 
$1.1 billion. 
Congress is deliberating on the levels of funding and priority areas 
they deem appropriate. 


Basic research has widespread support. 


® Research is often motivated by the quest for fundamental knowl- 
edge; often it also contributes to strategic projects and/or national 
goals. Basic research and education are the domain of universities 
and are seen as investments in the future. Therefore, it is not sur- 
prising that the academic sector performs almost 60 percent of the 
Nation’s basic research. 


There is widespread consensus in the Congress and the Adminis- 
tration on the importance of basic research. National expenditures 
in this area of investment have increased, both in terms of absolute 
levels of funding and as a proportion of total R&D expenditures. 
Since the mid-1980s, the share of national R&D funding devoted to 
basic research has risen from 13 percent to 17 percent. 


In 1995, an estimated $29.6 billion was spent on basic research per- 
formed in the United States. The Federal Government supplied 58 
percent of these funds. Federal funding of basic research per- 
formed in the academic sector increased during the 1990s, but the 
average annual real ‘rate of increase—3.2 percent—was about half 
the rate registered between 1985 and 1991. 
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“In order for technological 
revolution to continue, a strong 
science base is needed.” 


ROBERT S. WALKER 
U.S. Congress 
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Cooperative R&D partnerships are viewed as an 
effective tool to develop and leverage S&T resources 
in the United States. 


In FY 1994, Federal agencies spent approximately $2.7 billion on 
cooperative technology programs. In addition, most states 
increased their spending on these activities. In 1994, states spent a 
total of $385 million on cooperative technology programs, 22 per- 
cent more than the previous year. Thirteen states budgeted more 
than $10 million each for such programs in 1994; the state with the 
largest budget was North Carolina. 


Og The annual number of new joint industrial research ventures has 


been growing fairly steadily for nearly a decade; more than 450 of 


“Science cannot live by science these efforts were registered under the National Cooperative Re- 


alone. Research needs education, 
just as education thrives when 
it is conducted in an atmosphere 
of inquiry and discovery.” 
NEAL LANE 
Director 


National Science Foundation 
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search Act (NCRA) between 1985 and 1994. Most of the research 
conducted by these joint ventures has been process oriented. 
Telecommunications and environmental research appear to be the 
most predominant focus areas for joint research ventures. 


@ These cooperation patterns are reflected in coauthorship between 


sectors. Almost one-quarter (23 percent) of all academic S&T arti- 
cles in 1993 involved collaboration between authors in different 
sectors: 8 percent with authors in Federal Government organiza- 
tions, 8 percent with nonprofit institutions, 5 percent with industry 
(double the 1981 percentage), 3 percent with federally funded 
research and development centers (FFRDCs), and 2 percent with 
other sectors including state government. 


Academia is increasingly important to the national 
R&D effort; it is the only sector that experienced 
real growth in 1995. 


® The 1990s saw a continuation of a trend that has been observed 
over the past several decades—toward an increasing role for aca- 
demic performers in total U.S. R&D. In 1995, academic R&D was 
estimated to be $21.6 billion, an increase from 10 percent in 1980 
to 13 percent in total U.S. R&D performance. The academic sector 
continues to be the largest performer of basic research in the 
United States. 


® During the 1984-94 period, average annual growth was much 
stronger for the academic sector, an estimated 5.8 percent, than for 
any other R&D-performing sector. This compares with about 2.8 per- 
cent for FFRDCs and other nonprofit laboratories, 1.4 percent for 
industrial laboratories, and 0.7 percent for Federal laboratories. The 
academic sector is the only one for which real growth is estimated 
to have occurred between 1994 and 1995. 


@ The Federal Government continues to provide the majority of 
funds for academic R&D, but this share has decreased from the 
early 1980s. In 1995, the Federal Government financed an estimat- 
ed 60 percent of the R&D performed in academic institutions. 
During the 1991-95 period, Federal support of academic R&D 
grew faster than nonfederal support for 2 or more consecutive 
years for the first time since the early 1980s. This trend may not 
continue given current Federal budget constraints. 


@ Federal obligations for academic R&D are concentrated in three 
agencies: the National Institutes of Health (NIH) (53 percent), the 
National Science Foundation (NSF) (15 percent), and the DOD (12 
percent). Together these agencies provide approximately 80 per- 
cent of total Federal funding for academic R&D. The National 
Aeronautics and Space Administration (NASA) experienced the 
highest average growth in its funding of academic R&D over the 
past 10 years. The support of these agencies is concentrated in 
different academic fields; therefore, budget cuts or increases influ- 
ence R&D funding and graduate education support in different 
academic fields. 


@ After the Federal Government, the second largest share of aca- 
demic R&D support comes from academic institutions themselves. 
From 1980 to 1995, universities’ financial support of academic R&D 
expenditures grew from 14 percent to about 18 percent. However, 
this growth appears to have slowed. 


The condition of the Nation’s academic physical 
infrastructure has improved. 


® Total space for academic S&E research increased by almost 14 per- 
cent between 1988 and 1994, from about 112 million to 127 million 
net assignable square feet. Modest changes in the condition of 
space for academic S&E research facilities have occurred over the 
same time. The percentage of space suitable for use in the most sci- 
entifically sophisticated research increased to 26 percent from 24 
percent; the percentage effective for most uses (but not the most 
scientifically sophisticated) declined to 33 percent from 37 percent; 
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“The more one observes, the more 
clearly does he see that it is in the 
soil of pure science that are found 

the origins of all our modern 
industry and commerce. In fact, our 
civilization is wholly built upon our 
scientific discoveries.” 


HERBERT HOOVER 
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the percentage of space needing limited repair/renovation 
remained at about 23 percent; and the percentage of space requiring 
major repair/renovation or replacement remained at about 


16 percent. 


® The country’s research universities have recently begun to show a 


decline in the amount of money spent on academic R&D instru- 
mentation. This decline follows large increases in investment 
throughout most of the 1980s. Constant dollar expenditures 
declined by 7 percent annually between 1989 and 1993. Research 
equipment expenditures as a percent of total R&D funds declined 
from 7.2 percent in 1986 to 5.2 percent in 1993. 


Academic and industrial research are increasingly linked. 


Industrial R&D support to academic institutions has grown more 


rapidly than support from other sources since 1980. Academic 
R&D financed by industry increased in constant dollars by an esti- 
mated 250 percent from 1980 to 1995. Industry’s support of aca- 
demic R&D grew from 4 percent of the total to about 7 percent of 
the total during this period. 


@ In 1993, 38 percent of S&T articles authored by industrial 


researchers involved collaboration with academia, up from 22 per- 
cent in 1981. Citations in industrially authored articles referred 
more frequently to academic articles (48 percent) than to industri- 
al articles (36 percent). This reliance on academic research is 
most pronounced in biology and biomedical fields. In physics and 
engineering, however, citations in industrially authored publica- 
tions more frequently refer to industrial articles, possibly indicat- 
ing a major industrial strength in these fields. 


Patents are dominated by the industrial sector, patenting being 
viewed as one of the output indicators of scientific and innovative 
activities in the economy. Citations from patents to the scientific 
and technical literature show a strong connection to scientific 
research; they have increased threefold since 1987-88. Roughly 
half (almost 50,000 in 1993-94) of these citations referred to scien- 
tific articles from academic institutions; one-quarter of the cita- 
tions were to industrial research articles. About two-thirds of the 
citations made reference to biomedical research and clinical 
medicine publications. 


@ The academic sector’s share of all U.S. patent awards rose to 3 per- 
cent, from less than half that in 1991 and 1 percent in 1980. 
Academic patents reflect the field distribution of academic research. 
In 1993, three patent use classes accounted for one-quarter of all 
academic patents. All three were related to biomedical activity. 


# Income from royalties and licensing agreements to universities, 
while still modest when measured against R&D expenditures, 
increased substantially in the 1990s. 


Major shifts are occurring in industrial R&D. 


@ The United States remains the leading performer of industrial R&D 
by a wide margin, despite a 2-decade decline in its international share 
of all industrial R&D. U.S. industrial R&D expenditures are greater 
than the combined R&D performed in the industrial sectors of the 
European Union and twice the industrial R&D performed in Japan. 


U.S. industrial R&D performance remained flat during the early 
1990s and has experienced a recent decline, largely as a result of 
the defense drawdown. Federal purchases of R&D performed by 
companies has been falling steadily in both current and constant 
dollars since the late 1980s. Federal R&D support to firms that per- 
form R&D in states like California and Texas that are heavily 
dependent on the defense industry dropped dramatically between 
1989 and 1993. 


U.S. industry is spending less on basic research and relying more 
on universities and government laboratories for this work. 
Between 1991 and 1995, the amount of funds spent by industry to 
perform basic research declined at an average annual rate of 4.6 
percent. Basic research constituted about 6 percent of total indus- 
trial R&D performance. 


Many companies are downsizing and redirecting their central 
research facilities as part of an effort to cut costs; they are moving 
applied research and development activities to individual business 
units in an attempt to speed up the commercialization process. 


Industry receives considerable indirect Federal R&D support. 
Between 1981 and 1994, an estimated $24 billion has been provid- 
ed to industry through tax credits on incremental research and 
experimentation expenditures, an amount equivalent to about 3 
percent of direct Federal R&D support during this period. Most of 
the credits have been claimed by manufacturing firms, but the 
nonmanufacturing share has risen from less than 20 percent to 
about 24 percent of the total. 
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“The advance and perfecting of 
mathematics are closely joined to the 


prosperity of the nation.” 
NAPOLEON BONAPARTE 
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® Over the past decade, there were some significant changes among 
the 100 largest publicly held R&D-performing companies, although 
the four leading firms were the same in both 1984 and 1994. 
During the decade, more pharmaceutical and computer hardware 
and software companies ranked among the largest R&D perform- 
ers. At the same time, several large defense contractors and chem- 


ical and petroleum companies fell in the rankings. 


@ The ratio of U.S. company R&D funds to net sales for all R&D-per- 
forming manufacturing companies has been fairly stable since the 
late 1980s, despite changes in the sector and a lack of growth in 
manufacturing companies’ R&D financing. In 1993, this ratio aver- 
aged 3.1 percent. The general stability of the R&D/sales ratio in 
the 1990s indicates that little change has occurred in the level of 
importance accorded R&D, relative to other discretionary spend- 
ing. The pharmaceutical industry had the highest, and only dou- 
ble-digit, R&D-to-sales ratio in 1993 (12.1 percent). 


* One of the most striking recent trends in industrial R&D perfor- 
mance has been the increase in the proportion of total R&D per- 
formed by companies classified as nonmanufacturing industries. In 
1993, nonmanufacturing firms accounted for more than one-quar- 
ter of all industrial R&D performed in the United States. 


@ Since 1973, R&D performance in Japanese manufacturing industries 
has grown at a higher annual rate than R&D performance in the 
United States, and, since 1980, faster than R&D performance in all 
other industrialized countries. Unlike the declining share of total 
industrial R&D observed for manufacturing industries in the United 
States, Japanese manufacturing industries consistently accounted 
for 95 percent of all R&D performed by Japanese industry. 


@ German industries included in the top five R&D performers reflect 
the country’s prominence as a supplier of world-class machinery 
and motor vehicles. As in Japan, manufacturing industries continue 
to perform more than 95 percent of all industrial R&D in Germany. 


The service sector is becoming increasingly important 
for science and technology worldwide. 


® In five of the seven major industrialized countries, the service sec- 
tor is the leading employer of scientists. Germany* and the United 
Kingdom are the exceptions—in both countries, the manufactur- 
ing sector is the leading employer of scientists. 


@ Although R&D performance by U.S. manufacturers has not kept 
pace with inflation since the mid-1980s, R&D performance by U.S. 
service-sector industries grew rapidly. The service sector’s share 
of overall U.S. industrial R&D performance rose from only 4 per- 
cent in 1982 to more than 25 percent by 1993. 


More than half of U.S. industrial S&E employment is in nonmanufac- 
turing. S&E employment in nonmanufacturing increased at an aver- 
age annual rate of 3.2 percent in the early 1990s, faster than total 
employment in nonmanufacturing. In 1993, two-thirds of S&E 
employment in nonmanufacturing industries were in engineering 
and management services, business services, and financial services. 


@ The number of science jobs in the U.S. nonmanufacturing sector 
increased by 26 percent between 1990 and 1993. Computer-and 
mathematics-related specialties were largely responsible for this 
growth; the number of jobs in these fields increased by over 50 
percent during that period. 


® Japan’s industrial R&D expenditures continue to be predominately 
in the manufacturing sector; the service sector has a very low pro- 
portion of R&D. The share of total industrial R&D performed by 
German service-sector industries has actually declined since 1984. 


Computer and electronic information technology 


usage is widespread, resulting in major economic 
and social impacts. 


@ Computer use has increased steadily over the past decade in the 
United States. In 1995, more than half (55 percent) of all 
American adults reported using a computer at home or at work. 
This is substantially correlated with level of education; 82 percent 
of college graduates in the United States indicated that they used 
a computer at work or at home, compared with 59 percent of high 
school graduates and 17 percent of individuals who did not com- 
plete high school. 


- 3Data are for the former West Germany only. 


% 


“The information society should 
serve all of its citizens, not only the 
technically sophisticated and 
economically privileged.” 


BILL GATES 
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® One in five American adults has a home computer that includes a 

modem, and 7 percent of adults reported in 1995 that they used an 
on-line computer service during the preceding year. About 15 per- 
cent of adults in the United States have a home computer with a 
CD-ROM reader, allowing for additional information acquisition 
opportunities. Nearly half the Americans with a graduate or profes- 
sional degree have a home computer with a modem, and 23 
percent of these individuals reported that they use an on-line 
computer service. 


@ Almost all academic researchers have access to computers. Over 
96 percent of S&E Ph.D. faculty with research as their primary 
activity have access to a personal computer; 87 percent rated their 
personal computers as “good” or “very good.” About 71 percent 
also have access to both centralized computer facilities and com- 
puter networks with other institutions and rated the quality of their 
computers as “good” or “better than good.” 


® Electronic communication is greatly facilitating scientific commu- 
nication. Electronic scientific journals, such as the one published 
by the American Astronomical Society, are emerging. In addition, 
scientists can transfer information about ongoing work and use 
data sharing and “virtual” samples. Electronic communication is 
facilitating the development of “virtual” research teams who are in 
different institutions or even different countries. 


@ Many more computer hardware and software companies—some 
that did not exist or barely existed a decade ago—are now among 
the leading R&D-performing companies. Intel jumped from 54th 
place in 1984 to 15th place in 1994. 


@ In 1993, computer-aided design or computer-aided engineering 
technology was the technology most commonly used by U.S. man- 
ufacturing establishments; this technology was used by 59 percent 
of the surveyed establishments. The next most commonly used 
advanced technology was the numerically controlled machine, 
which was used by 47 percent of establishments. 


@ Trade in technologies used to automate the manufacturing process 
(computer-integrated manufacturing technologies) and trade in 
software technologies generated a large trade surplus for the 
United States during the 1990s. The U.S. trade surplus in software 
technology doubled over a 5-year period. 


Foreign and domestic technology capabilities are growing. 


The patenting activity of U.S. inventors began increasing in the late 
1980s; U.S. inventors received 54 percent of the U.S. patents grant- 
ed in 1993. Patenting in the United States by foreign inventors was 
highly concentrated by country of origin; inventors from the 
European Union and Japan accounted for 80 percent of all foreign- 
origin U.S. patents. 


Foreign inventors receive patents focused on several commercially 
important technologies. For example, Japanese and German inven- 
tors earn large numbers of U.S. patents in informati . technology. 


U.S. manufacturers are increasing their use of advanced technologies. 
A 1993 survey of U.S. establishments found that 75 percent used at 
least one advanced technology and 29 percent used at least five tech- 


nologies, up from 68 percent and 23 percent, respectively, in 1988. 


@ Larger U.S. plants that produce higher priced products and U.S. estab- * 
lishments that compete in foreign markets were more likely to use 
advanced technologies than were other U.S. establishments. About 94 “Who indeed can afford to 
percent of U.S. establishments where exports represented 20 to 49 ignore science today? At every turn 
percent of total shipments use at least one advanced technology. we have to seek its aid. The future 
@ Use of advanced technologies was 10 to 22 percent higher among belongs to science and to those who 
those U.S. establishments with foreign ownership (10 percent of mabe ttents oth ost . 


voting stock or other equity rights). As the number of advanced * 
technologies increased, the incidence of foreign-owned establish- JAWAHARLAL NEHRU 
ments increased. 
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# US. trade in products that incorporate advanced technologies 
accounted for 17 to 19 percent of all U.S. trade (exports plus im- 
ports) in goods and services in the 1990s. Advanced technology 
products make a positive contribution to the overall balance of 
trade. However, the trade surplus in advanced technology prod- 
ucts has declined every year since 1991. 


® US. technology trade is highly concentrated. Of total U.S. technolo- 
gy product exports in 1994, information technologies comprised 35 
percent; aerospace comprised 29 percent; and electronics repre- 
sented 21 percent. Japan and Canada are U.S. industries’ largest 
national customers for advanced technology products. European 
and other OECD countries are also important customers. 


@ The United States is a net exporter of technological know-how sold 
as intellectual property. While the surplus generated by U.S. interna- 
tional transactions involving technological know-how regarding the 
use of industrial processes is far smaller than that generated by 
advanced technology product trade ($1.7 billion vs. $27 billion in 
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“The comprehensibility of the world 
seems to me a wonder or eternal 
secret...Here lies the sense of 
wonder which increases even 
more with the development 
of our knowledge.” 


ALBERT EINSTEIN 
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1993), the spread between exports and imports is much wider. The 
ratio of exports to imports in U.S. trade involving technological 
know-how transactions is 3:1 compared with a ratio of 1.3:1 for trade 
in advanced technology products. 


Needed improvements in science and mathematics 
education are occurring at the precoliege level. 


@ Mathematics and science achievement test scores for precollege 
school students have improved for all age groups in both mathe- 
matics and science. Average mathematics scores in 1992 for all 
three National Assessment of Educauonal Progress age groups 
were at least as high as the 1973 scores. Average science scores in 
1992 were higher than in 1970 for 9- and 13-year-olds, but were 
lower for 17-year-olds. 


@ High school graduates are completing substantially more mathe- 
matics and science courses than in the early 1980s. Enrollment has 
grown rapidly in more advanced courses like trigonometry, calcu- 
lus, chemistry, and physics. 


® Student achievement scores show greater gains over the high 
school years among students who take more mathematics and sci- 
ence courses. Among students who continue their education, 
those who complete higher levels of high school mathematics and 
science are less likely to drop out of college. 


@ Many mathematics and science teachers have very little training in 
those subjects, particularly among elementary and middle-grade 
teachers. In 1993, less than 4 percent of elementary mathematics 
and science teachers had majored in mathematics, mathematics 
education, science, or science education. At the high school level, 
the picture is better: 63 percent of high school math teachers and 72 
percent of high school science teachers had in-field majors in 1993. 


# US. students do not test as well in mathematics and science at the 
precollege level as their international counterparts. In an interna- 
tional assessment of mathematics, U.S. students ranked at or near 
the bottom and were significantly lower than Korea, Hungary, 
Taiwan, the former Soviet Union, and Israel. A similar pattern 
occurred for science; Korea and Taiwan again scored at the top of 
both the 9- and 13-year-old age groups. 


@ While international comparisons of mathematics and science 
achievement rank U.S. students below most other industrial 
nations, students in some states are at about the same level as the 
average students in the higher-achieving nations. 


The United States is a leader in S&T higher education. 


@ In 1993, there were 3,611 institutions of higher education in the 
United States (1,566 public and 2,045 private). These institutions 
enrolled 14.7 million students in that year, more than double the 
number enrolled in higher education in 1967. Two-year colleges 
had the highest rates of growth in student enrollments. 


@ U.S. higher education institutions awarded more than 2 million 
degrees, one-quarter of these in S&E fields. The bulk of these S&E 
degrees were earned at the bachelor’s level. The largest propor- 
tions of these S&E baccalaureates continue to be awarded by 
research and doctorate-granting institutions. These institutions 
account for more than half of bachelor’s degrees in the social and 
natural sciences and for more than 80 percent of the bachelor’s 
degrees in engineering. 

@ The number of S&E degrees awarded at the bachelor’s level 
increased at a 3-percent annual growth rate between 1989 and 1993. 
The natural sciences and social sciences account for most of this 
recent increase; the number of degrees in engineering, mathematics, 
and computer sciences are stabilizing after several years of decline. 


The integration of education and research is most 
prominent at the graduate education level and efforts 
are underway to make this experience more relevant. 


@ Since 1985, doctoral degree production in the United States has 
continued to increase in S&E fields. The number of doctoral S&E 
degrees, which was level at about 18,000 degrees from 1975 to 
1985, had increased to 25,000 by 1993. However, the number of 
these degrees obtained by U.S. citizens during that period 
increased only slightly. The number of U.S. citizens receiving doc- 
toral degrees in S&E fields as a proportion of the relevant group 
has remained constant over the past 20 years. 


@ In 1993, 89,700 full-time graduate students in S&E fields—27 per- 


cent of all students enrolled full-time—received their primary sup- 
port from research assistantships. Roughly half of these were 


federally funded. 


@ Most faculty who make substantial time investments in research 
also have teaching responsibilities. About one-third of faculty 
taught undergraduates in the fall of 1992, and the remainder 
taught graduate courses. The type of institutional setting— 
research universities versus other types of academic institutions— 
had little effect on these patterns. 
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“There is no higher 
or lower knowledge, but only one, 
flowing out of experimentation.” 
LEONARDO DA VINCI 
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@ The number of doctoral scientists and engineers with research as 
their primary or secondary work responsibility rose rapidly 
through the 1980s, but in 1993 this number stood at about 150,000, 
roughly the same as in 1989. 


@ Other countries, including Japan, France, Germany, and the 
United Kingdom, are undergoing reforms in graduate education. 
They are attempting to make doctoral training relevant to a wider 
range of occupations than academic careers. They are also trying 
to expand their graduate enrollments, link them to industry, and 
attract foreign students. 


The job market is more favorable for college 
graduates and those with S&E training. 


# In 1993, recent college graduates encountered a job market that 
was more favorable than the market for non-college-graduates. 
The 1993 unemployment rates for students who graduated in 
either 1991 or 1992 were 4.4 percent for baccalaureate degree 
recipients and 3.5 percent for master’s degree recipients. By com- 
parison, the unemployment rate for the U.S. labor force as a whole 
in 1993 was much higher at 6.8 percent. 


With few exceptions, salaries are higher for S&E graduates than 
for non-S&E graduates at each degree level. This is true even in 
the relatively lower paid life and social sciences fields. Science and 
engineering Ph.D.s earn 23.0 percent more than those with mas- 
ter’s/professional S&E degrees, and 42.9 percent more than those 
with bachelor’s S&E degrees. Median salaries for Ph.D.s in science 
and engineering rise steadily with years since completion of the 
doctoral degree. 

® Most people with degrees in science and engineering work at jobs 
at least somewhat related to their degrees. A majority (52.8 percent) 
of those with bachelor’s degrees in engineering work as engineers, 
and just 19.4 percent work in unrelated non-S&E occupations. The 
social sciences have the lowest proportion of bachelor’s graduates 
working in the same field as their degree, 1.5 percent, but many 
more work in what they describe as closely related fields and only 
34.9 percent work in unrelated non-S&E occupations. 


# A majority of those with Ph.D.s in S&E fields works in the same 
fie): as their degree—ranging from 57.4 percent in the life and 
physical sciences to 74.3 percent in mathematics/computer sci- 
ences. Large numbers of science and engineering Ph.D.s do, how- 
ever, work in other fields of science or in various non-S&E 
occupations. Notably, in the physical sciences, 15.8 percent of 
Ph.D.s work in some other S&E field. The percent working in a 
non-S&E occupation unrelated to the field of their highest degree 
ranges from 8.3 percent in mathematics/computer sciences to 19.8 
percent in the life sciences. 

® Recent S&E doctoral recipients in sociology, geoscience, 
physics/astronomy, and mechanical engineering were more likely 
to be working outside their field or part-time (in either case not by 
choice) than recent S&E doctoral recipients in other fields. Except 
for mechanical engineering, these fields also have relatively high 
unemployment rates. 


® Most scientists and engineers at the bachelor’s, master’s, and 
doctoral levels are employed in the private sector. Scientists and 
engineers with doctorates are more likely than scientists and engi- 
neers with bachelor’s or master’s degrees to work in academia. 
Still, the education sector is not the most common sector of 
employment for S&E doctorates. 


® Although the overall number of S&E jobs in industry increased by 
about 2.5 percent between 1990 and 1993, employment in many 
engineering fields declined, with the largest percentage cutbacks 
occurring in aeronautical/astronautical engineering. Employment 
of engineers in manufacturing fell about 12 percent between 1990 
and 1993 (in part as a result of defense downsizing). Substantial 
growth in the number of computer- and mathematics-related jobs 
was the principal factor contributing to the increase in total indus- 
trial S&E employment. 


® Academic employment of doctoral scientists and engineers grew 
by approximately 3 percent annually during the 1980s, but slowed 
markedly after 1989; it was estimated to be 213,000 in 1993. Full- 
time employment in traditional faculty ranks—full, associate, and 
assistant professor plus instructor—was static, at about 172,000, 
with growth confined to other types of positions. 
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“To study, to finish, to publish.” 
BENJAMIN FRANKLIN 
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“Upon the subject of education, 
I can only say that I view it as the 
most important subject which we 
as a people can be engaged in.” 


ABRAHAM LINCOLN 
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@ The aging of the academic research workforce, observed since 
the early 1970s, has ceased. The proportion of academic 
researchers who received doctorate degrees within 3 years 
declined steadily from 24 percent in 1973 to 14 percent in 1989, 
where it has stabilized. The gradual replacement hiring suggested 
by these data for the 1990s contrasts with the preceding decade, 
when the number of full-time faculty positions increased at a fairly 
steady rate and when fewer doctorates were awarded than in 
recent years. These trends have contributed to a tightening of the 
academic labor market. 


Scientific and engineering advances are having dramatic effects on 
manufacturing operations, reducing factory-floor employment, 
while increasing job openings in technical occupations, such as 
computer programming clinical technicians. Furthermore, 
because of advances in information technology, manufacturing is 
becoming more integrated, requiring employees to have a greater 
understanding of how an entire process runs. 


Women and minorities participated more in science 
and math education at all levels and experienced 
increased employment in both the academic 

and nonacademic sectors. 


@ The average mathematics scores of male and female 9- and 13- 
year-olds did not differ in 1992, and the difference between the 
sexes for 17-year-olds is small. Differences in average science 
achievement test scores between the sexes have diminished, but 
males score higher at each age level. 


® Non-Hispanic white youth continue to score much higher than 
African-American or Hispanic youth on standardized tests of math 
and science. However, the differences declined from the late 1970s 
to 1992. Since the average scores of all groups have increased over 
this period, the convergence is a real improvement and not a 
“leveling down” of scores toward greater equality. 


® At the undergraduate level, minority students have increased their 
interest in majoring in S&E fields. By 1994, underrepresented 
minorities, especially females in these grouns, made up around 11 
percent of freshmen planning a major in the physical sciences, 15 
percent of those plarning a major in biological fields, 18 percent in 
the social sciences, and 18 percent in engineering. 


@ Graduate enrollment of women and minorities accelerated in the 


1990s. By 1993, women represented 38 percent of all graduate stu- 
dents in the natural science fields and 15 percent of the graduate 
students in engineering. The large percentage increases in gradu- 
ate enrollments of minority students, however, are from a very low 
base. Minority students’ proportion of all graduate S&E students 
increased by only one percentage point, from 6.3 percent in 1991 
to 7.3 percent in 1993. 


@ About 46,500 female doctoral scientists and engineers worked in 
academia in 1993. Women’s academic employment grew steadily 
in the 1970s and more than doubled from 1981 to 1993. The :um- 
ber of women active in academic R&D tripled from 1979 to 1993. In 
1993, it stood at 30,500, about 20 percent of all academic 
researchers. 


The overall number of African-American, Hispanic, and Native 
American researchers in academia, though increasing, remains 
low. In 1993, their combined academic employment was 10,800, 
about 5 percent o1 che total—the same as their fraction of academic 
researchers. The slowly increasing share of underrepresented 
minorities in academic employment roughly reflects the increase in 
their Ph.D. conferral rates. 


# About 21,000 Asian doctorates held U.S. academic positions in 
1993. They constituted 10 percent of academic employment, up 
from 8 percent in 1979. Asian doctorates constituted 12 percent of 
academic researchers in 1993. Their share of academic 
researchers has consistently keen about two percentage points 
above their employment share. 


® Participation rates of women and underrepresented minorities have 
also improved outside of academia. The proportion of women among 
nonacademic scientists and engineers increased from 13 percent in 
1980 to 22 percent in 1990. The proportion of black and Hispanic 
nonacademic scientists and engineers also increased during that 
period, to almost 8 percent from 5 percent, but it remains low. 


@ The Federal S&E workforce increased by 6 percent between 1989 
and 1993, and as it grew, a larger percentage was made up of 
females and minorities than in the past. However, these data do 
not reflect the recent cutbacks in Federal employment. 
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“The problem of creating something 
new, but which ts consistent with 
everything which has been seen 
before, is one of extreme difficulty.” 


RICHARD FEYNMAN 


o, 
“~~ 


Salaries of doctoral scientists and engineers differ less by race or 
ethnicity than they do by sex. Although the median annual salary of 
all African-American scientists and engineers is 85 percent of the 
median annual salary for whites, the median salary for recent 
African-American graduates (in 1991-92) was 9 percent higher than 
for their white counterparts. 


# The United States has had more success than other industrialized 
nations in attracting women into the nonacademic S&E workforce. 
It has the highest proportion of female scientists in the labor force 
(54 per 10,000 workers). Canada ranks second with 48, followed by 
Sweden with 43, France with 36, and the United Kingdom with 32. 
Among these countries, the United States has the second highest 
proportion of female engineers (13 per 10,000 workers) after 
Sweden, which has 16 per 10,000 workers. 


Fewer foreign students are now entering U.S. universities 
for advanced training in S&E fields, but foreign 
participation in the S&E workforce is significant. 


@ The participation rate for foreign students in S&E degrees at U.S. 
universities rises by level of degree. Foreign students obtain a 
small fraction of S&E degrees at the bachelor’s level, about one- 
fourth of the S&E master’s degrees, and nearly one-half of all S&E 
doctoral degrees. 


@ After a decade-long increase, total graduate enrollment by foreign 
students decreased by 4 percent each year in 1993 and 1994, mainly 
in engineering and computer science. Foreign students now repre- 
sent slightly less than one-third of graduate engineering students. 


# The number of master’s degrees in all S&E fields obtained by for- 
eign students more than doubled in the past 15 years, from around 
8,000 in 1977 to 20,000 in 1993. 


® In contrast to declining numbers of engineering degrees earned by 
foreign students at the bachelor’s level, the number of foreign stu- 
dents obtaining engineering degrees at the master’s level is increas- 
ing. In 1993, foreign students obtained 34 percent of master’s 
degrees in computer science and 33 percent of master’s degrees in 
engineering, up from 11 and 22 percent, respectively, in 1977. 


@ Foreign students accounted for an increasing proportion of S&E 
doctoral degrees from 1985 to 1992, especially in computer science 
and engineering. By 1993, foreign students on temporary visas 
obtained 44 percent of the computer science doctoral degrees and 
50 percent of the engineering doctoral degrees. If non-U.S. citizens 
with permanent residence in the United States are added to for- 
eign students on temporary visas, the percentages increase to 47 
percent of the computer science doctoral degrees and 57 percent 
of doctoral engineering degrees. 


Of the 8,000 foreign students earning S&E doctoral degrees in U.S. 
universities in 1993, about 30 percent received firm offers to 
remain in the United States after completing their program. About 
400, or 5 percent, received firm offers for academic employment. 
Almost 500, or 6 percent, received firm offers for industrial 
employment; and a larger group of almost 1,500, or 18 percent, 
obtained a postdoctoral research appointment for 1 year. 


Less than one-half of the foreign students who earned doctoral 
degrees in S&E fields in the 1980s, and who were on temporary 
visas at graduation, were working in the United States in 1992. The 
retention rate varied by field—engineering had the highest reten- 
tion rate and social sciences and life sciences had the lowest. The 
retention rate also varied by country of citizenship—students from 
India and the People’s Republic of China had retention rates well 
above average, and students from Korea and Japan had retention 
rates below average. 


® Foreign-born scientists and engineers represented almost one- 
quarter of doctoral level scientists and engineers in the United 
States in 1993. Although a majority received their degrees from 
U.S. institutions, more than one-third received their doctorates 
from foreign universities and colleges. 


More than half (53 percent) of all S&E postdoctoral appointees in 
1993 were non-US. citizens. The proportion varied by field, with 
engineering (65 percent) and physics (62 percent) having above 
average concentrations of foreign postdoctoral positions. Foreign 
researchers represented 53 percent of mathematics postdoctor- 
ates, 45 percent of computer science postdoctorates, and 50 per- 
cent of biological science postdoctorates. Foreign researchers 
represented 37 percent of all social science postdoctoral positions. 


@ The majority of funding support for foreign students at all levels of 
higher education is from non-U.S. sources. In 1993, two thirds of 
the foreign students ‘i: the United States said their families were 
their primary sources of support. An additional 7 percent said they 
were supported by their home governments, universities, or for- 
eign private sponsors. In contrast, U.S. sources are the primary 
funding support for 80 percent of all foreign S&E doctoral students. 
Over three-quarters of foreign S&E doctoral students receive their 
primary funding support in the form of research assistantships, 
teaching assistantships, or university fellowships. 


® Other countries also educate a considerable number of foreign stu- 
dents, including France, Germany, and the United Kingdom. Japan 
is seeking the best engineering students from Asia and has made 
the attraction and training of foreign students a competitive strate- 
gy. In 1993, foreign students obtained 40 percent of NS&E doctoral 
degrees in Japan. Almost one-half of doctoral degrees in the 
United Kingdom and 40 percent of doctoral degrees in France 


went to foreign students. 
% Research and education have major economic and 
social impacts, although they are sometimes difficult 
to trace and measure. 
“We are among those 
who believe that humanity @ Although estimates vary, economists have found high rates of 
will deri return to private R&D investments. These estimates are on the 
ie on _ order of 20- to 30-percent annual return on investments to firms 
evil from new discoveries. and approximately 50 percent to society overail. For some specific 
MARIE CURIE products, rates of return have been remarkably high. Returns from 
Purser Cussr information technology are estimated to have exceeded 80 percent 
per year between 1987 and 1991. 
~ @ Recent academic research plays a key role in enabling technologi- 


cal advances in the private sector, especially in medicine and elec- 
tronics. Studies show that approximately 10 percent of the new 


products and processes developed by firms depend on recent aca- 
demic research and that the association between academic and 


industrial research has been strongest in medicine and electronics. 


@ Academic research frequently exerts its inipact over extended 
periods of time. There is often a significant delay between the ini- 
tial publication of fundamental knowledge in academic journals 
and its eventual effect on market outcomes. One analysis estimates 
the lag between academic publication and conimercial production 
to be on the order of 10 years for new knowledge in computer sci- 
ence and engineering and 20 years for new knowledge in science 
and engineering in general. This may change in the future, as 
more scientific communication occurs by electronic media. 


The U.S. public generaily has positive views &e 
of science, but can improve their understanding 
of science and technology. “Philosophy is written in that 
® More than 70 percent of Americans believe that the benefits of sci- grand book, which ever lies 
entific research outweigh any present or potential associated draw- before out of gaze—I mean the 


backs. This level of positive assessment has been fairly stable over 


the past 2 decades. Americans also hold the scientific community in universe—but we cannot 
high regard; about 40 percent of Americans are very confident in understand if we do not first 
the leadership of the scientific community and the medical commu- learn the language and grasp the 


nity. These levels of national esteem are higher than those reported . rr : 2 
for the leadership of most other major institutions in society. syunbols tn which & ts written. 
@ Despite their positive general views of science, Americans are GALILEO GALILEI 
evenly divided when it comes to assessing the development and 
impact of several important technologies, including nuclear power 


generation, genetic engineering, and space exploration. 


% 


® There is wide distribution in U.S. adults’ level of understanding of 
scientific terms and concepts. On 10-point indices for both natural 
and economic sciences, the mean score was 5; almost one-quarter 
of adults earned a score of 7 or more. 
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Chapter 1. Elementary and Secondary Mathematics and Science Education 


HIGHLIGHTS 


STUDENT ACHIEVEMENT 
@ The general pattern for mathematics and sci- 


ence achievement test scores for upper-elemen- 
tary and secondary school students has been 
one of decline or stagnation during the 1970s, 
followed by steady increase through the 1980s. 
The overall scores show gains for all age groups in 
both mathematics and science during the 1980s. The 
1992 average nathematics scores for all three 
National Assessment of Educational Progress 
(NAEP) age groups are at least as high or higher 
than the 1973 scores. The 1992 average science 
scores are higher than in 1970 for 9- and 13-year-olds, 
but are lower for 17-year-olds. 


The average mathematics scores of male and 
female 9- and 13-year-olds did not differ in 
1992, and the difference in scores for 17-year- 
old males and females is small. 


Gender differences in average science achieve- 
ment test scores have diminished, but males 
score higher at each age level. 


Non-Hispanic white youth continue to score 
much higher than black or Hispanic youth on 
standardized tests of mathematics and science, 
but the differences decreased from the late 
1970s to 1992. Since the average scores of all 
groups have increased over this period, the conver- 
gence is real improvement and not a “leveling down” 
of scores toward greater equality. 


While international comparisons of mathe- 
matics and science achievement rank U.S. 
students below most other industrial nations, 
students in some states are at about the same 
level as the average students in the higher 


achieving nations. 


CURRICULUM AND INSTRUCTION IN HIGH SCHOOLS 
@ High school students are completing substan- 


tially more mathematics and science courses 
than in the early 1980s. Enrollments have grown 
rapidly in more advanced courses like trigonometry, 
calculus, chemistry, and physics. 


Student achievement scores show greater gains 
over the high school years among students who 
take more mathematics and science courses. 
This pattern holds for students who start high school 
at lower levels of mastery, as well as for students who 
start high school at relatively high levels of mastery. 


Students who complete higher levels of high 
school mathematics and science are less likely 


to drop out of college. 


TEACHERS AND TEACHING 
@ Many mathematics and science teachers have 


very little training in mathematics and science, 
particularly among elementary and middle- 
grade teachers. In 1993, less than 4 percent of ele- 
mentary mathematics and science teachers had 
majored in mathematics or mathematics education, 
or science or science education. Only 11 percent of 
middle school mathematics teachers and 21 percent 
of science teachers majored in their fields of teaching 
specialization. Sixty-three percent of high school 
mathematics teachers and 72 percent of high school 
science teachers had in-field majors in 1993. 


Many teachers are not well aware of reform rec- 
ommendations advanced by their professional 
associations. In 1993, 56 percent of grade 9-12 
mathematics teachers felt well aware of the National 
Council of Teachers of Mathematics (NCTM) curricu- 
lum and evaluation standards, compared with 28 per- 
cent of the grade 5-8 teachers, and only 18 percent of 
the grade 1-4 teachers. 
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introduction 


Chapter Background 


Science and mathematics education at the elementary 
and secondary levels has been the subject of major reform 
efforts for the past decade. Spurred, in part, by concerns 
over apparent test score declines, the weak preparation of 
high school graduates for college and work, and the unfa- 
vorable showing of U.S. youths in international compar- 
isons, most states and many local districts and schools 
have sought to improve student outcomes. 

In 1983, the National Science Board report Educating 
Americans for the 21st Century set forth the goal that 


By 1995, the Nation must provide, for all its 
youth, a level of mathematics, science, and 
technology education that is the finest in the 
world, without sacrificing the American 
birthright of equity and opportunity. 


Twelve years later, it is clear that the United States has 
not achieved this goal and that much remains to be done. 
Nonetheless, it is also clear that much has been accom- 
plished. During this period, the precollegiate mathemat- 
ics and science curricula have been extensively reviewed 
and thoughtfully revised. Many state and local education 
authorities have increased the number of mathematics 
and science courses students must complete to graduate 
from high school, and these requirements are now begin- 
ning to specify more advanced courses. 

A reform movement has been led by the professional 
associations of mathematics and science teachers, the 
National Council of Teachers of Mathematics (NCTM) 
and the National Science Teachers Association (NSTA). 
These and other allied organizations and government 
agencies have developed curriculum, evaluation, and 
pedagogy standards. The most distinctive—and ambi- 
tious—aspect of these standards is the emphasis placed 
on improving outcomes for all students through a com- 
mon curriculum. The comprehensiveness and clarity of 
the NCTM and NSTA standards have made them espe- 
cially attractive to state and local education authorities, 
who had already been making efforts to improve curricu- 
lum, instruction, and outcomes. 

Of course, recommended curricula and pedagogy are 
not the same as implemented curricula and pedagogy, 
and many formidable obstacles to implementation are 
likely to arise at every level. One of the most important 
of these obstacles may be the limited amount of time 
that American elementary and secondary teachers have 
to plan and exchange ideas with colleagues. As 2 result, 
teachers within the same school may hold quite different 
ideas about what constitutes appropriate practice and 
may work at cross-purposes to one another. Another 
obstacle may be that incentives for students to work 
harder in school are often low, because college admis- 
sion is available to almost all students who can afford it 


and employers almost never request information on high 
school grades or test scores. 

Improved outcomes are thus, by no means, certain to 
follow upon even widespread consensus over goals. 
While national trends in learning outcomes remain the 
best gauge of success, an understanding of what is and 
is not working can be achieved only by systematically 
collecting data on the full range of mediating steps 
between intention and result. This chapter thus seeks to 
complement achievement trends with data on student 


coursetaking and on teachers and their opportunities for 
professional development. 


Chapter Organization 

This chapter presents indicators of changes in student 
performance, student coursetaking, school and teacher 
adoption of national standards in science and mathemat- 
ics, and teacher preparation in science and mathematics. 
The first section of this report gives an overview of 
achievement trends by drawing on data from the National 
Assessment of Educational Progress (NAEP). Student 
performance increased somewhat during the 1980s, espe- 
cially for minority groups. New information about state- 
by-state differences in performance shows that students 
in some regions of the United States perform as well as 
students in the highest performing countries in the 
world, whereas students in other regions perform at the 
same level as students in the poorest performing coun- 
tries of the world. The first section also reviews prelimi- 
nary results from recent efforts to assess achievement 
with instruments other than multiple-choice tests. 

State and local efforts in the 1980s to improve precolle- 
giate mathematics and science instructional outcomes 
focused largely on graduation requirements, with little 
attention to curriculum content and instructional methods. 
High school graduates at the end of the 1980s had com- 
pleted more courses in mathematics and science than at 
the beginning of the decade. Have these trends continued 
in the 1990s? Are students taking more advanced courses, 
or have enrollments mainly increased in the lower-leve! 
courses? Does more coursetaking lead to higher perform- 
ance on achievement tests? The second section of this 
chapter reviews recent coursetaking trends, as well as 
results from recent analyses of the National Education 
Longitudinal Study of 1988 (NELS: 88) survey of high 
school students, which examine the relationship of course- 
taking in science and mathematics to student achievement 

How adequately are students prepared in science and 
mathematics for postsecondary education and work 
opportunities? The chapter addresses this question in 
two ways. The first involves an assessment of the rela- 
tionship between high school coursework and postsec- 
ondary outcomes. The second approach entails an 
examination of responses from college teachers to ques- 
tions soliciting their subjective assessment of how well 
the students are prepared. 


Teachers contribute to and are directly affected by the 
reform efforts. The third section of this chapter presents 
indicators on whether teachers are aware of the new 
standards, whether they have adopted them for their 
own ciassroom instruction, and whether they have been 
trained sufficiently to teach students in the manner rec- 
ommended by the national standards. Data from the 
1993 National Survey of Science and Mathematics Edu- 
cation (NSSME) are the primary source of information 
used to assess these issues. 

While the typical science or mathematics class is 
taught by one teacher, the worklife of teachers usually 
involves a variety of contacts with other teachers and 
school administrators. Reform proposals emphasize the 
importance of building strong colleague support systems 
to improve the dissemination of new ideas and critical 
feedback. Data from recent surveys of teachers suggest 
that high schools differ greatly in the levels of coopera- 
tion and coordination within their departments. These 
data also illustrate the extent to which teachers under- 
stand and try to implement reform measures and 
whether their understanding and efforts are associated 
with whether they maintain contacts with colleagues in 
their subject-area departments. 


Student Achievement 


Trends in Achievement: The National 
Assessment of Educational Progress (NAEP) 


The best information on national trends in student 
achievement is NAEP. Since 1969, NAEP has adminis- 
tered mathematics, science, reading, and writing tests to 
national samples of 9-, 13-, and 17-year-olds on a periodic 
basis. Special, less frequent, assessments have been con- 
ducted in other subject areas, including U.S. history, 
geography, civics, and computer literacy. Mathematics 
achievement has been assessed seven times (1973, 1978, 
1982, 1986, 1990, 1992, and 1994); science achievement 
has been assessed eight times (1970, 1973, 1977, 1982, 
1986, 1990, 1992, and 1994).' NAEP offers several advan- 
tages over tests such as the Scholastic Aptitude Test 
(SAT) and the American College Test (ACT). Most 
important, NAEP assesses nationally-representative sam- 
ples of students, whereas the SAT and ACT test-takers 
are a self-selected subset of students. 

NAEP reports mathematics and science achievement 
scores in two general forms: the student's general profi- 
ciency level and the student’s levels of achievement on 
various subscales, which refer to specific thinking skills 
and content knowledge. The general achievement 
results, in turn, are reported in two forms. One form pro- 
vides an overall or average proficiency score ranging 


'The 1994 data were not available when this report was written. The 
next assessments of both mathematics and science are scheduled for 
1996. 


from 0 to 500.* The other divides the 0 to 500 scale into a 
set of “proficiency levels” characterized in terms of typi- 
cal skills. 

The NAEP content and skill subscales are constructed 
from subsets of the items and are thus distinct from the 
general proficiency scale scores. The content areas in 
mathematics are numbers and operations, measurement, 
geometry, data analysis, .tatistics and probability, and 
algebra and functions. Mathematical thinking skills 
include conceptual understanding, procedural knowl- 
edge, and problem solving. 

Content areas in science include life science, physical 
science, and earth and space science. Science thinking 
skill areas include knowledge of everyday science facts 
and simple scientific principles, application of scientific 
facts and principles to solve problems, and ability to 
design a scientific inquiry. 

In this chapter, trend data are presented on both the 
overall proficiency scores and the proficiency levels. 
Data collected in 1990 and 1992 on the mathematics con- 
tent subscales are presented, but earlier trend data are 
not available for the subscales. The available subscale 
information for science is even more limited, thus, it is 
not presented here.° 

The NAEP was originally designed to obtain accurate 
assessments of students across the United States and 
separately by region of country, type of community, stu- 
dent gender, and student race/ethnicity. The 1992 math- 
ematics assessment was substantially expanded to allow 
for further breakdowns by state and some of those 
results are presented here. The science assessment was 
not included in the state-by-state assessment design, but 
the national trend data will continue to be collected in 
upcoming assessments. 


Changes in Overall and Specific Mathematics 
and Science Proficiencies 


Since the NAEP began, the general pattern of overall 
proficiency scores for mathematics and science has been 
one of decline or stagnation during the 1970s, followed 
by a steady increase through the 1980s. (See figures 1-1 
and 1-2 and appendix table 1-1.) Overall scores increased 
over the 1980s for all age groups in both mathematics 
and science. Indeed, for all three age groups, the 1992 
mathematics scores were at least as high or higher than 


?The full-sample standard deviations of the mathematics scores in 
1992 were reported only by grade level and not by age. The standard 
deviations for 4th, 8th, and 12th grade students were, respectively, 
32.4, 36.6, and 34.4 (NCES, 1993). The only published science test 
score standard deviations available are from the 1990 assessment, and 
they were presented by grade levels. rather than age. The science test 
standard deviations for 4th, 8th, and 12th grade students were, 
respectively, 31.4, 39.5, and 42.5 Uones, Mullis, Raizen, Weiss, and 
Weston, 1993). 

’The 1992 NAEP science assessment did not include enough items 
to construct reliable measures of either the content knowledge or 
thinking skill pronciencies. The published tabulations for the 1990 sci- 
ence assessment include only the content area data (Jones, Mullis, 
Raizen, Weiss, and Weston, 1993). 
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the 1973 scores. The net gain of 11 points for 9-year-olds 
over the 19-year period was the largest. That gain actual- 
ly occurred entirely from 1982 to 1992; scores for this 
group were steady from 1973 to 1982. The science 
scores for the 9-year-old population also show a statisti- 
cally significant net gain from 1970 to 1992, but the 
change is only 6 points. Again, this increase occurred 
entirely from 1982 to 1992. The only net decline over the 


full span was in the science achievement of 17-year-olds. 

One way to assess the significance of these changes is 
to compare them with the average gains per age-year 
that students realize. A rough estimate of these averages 
was obtained by dividing the difference between the age 
17 and age 9 scores by the 8 years separating the two 
groups and averaging the quotients across the assess- 
ment years.‘ The average gain per age-year in mathemat- 
ics was 9.9 points across the six assessments. This 
means that from 1982 to 1992, the 11-point gain in math- 
ematics in the 9-year-old population translates into more 
than 1 age-year higher achievement. The average gain of 
8.5 points per age-year in science was slightly lower. The 
10-point gain among 9-year-olds from 1982 to 1992 thus 
represents about 1.2 age-year equivalents. In other 
words, if these growth assumptions are correct, 9-year- 
olds in 1992 were performing at levels that would have 
been slightly higher than those of the average 10-year- 
old in 1982. 

Another way to make the results above more under- 
standable is to tie the scores to particular competencies. 
The overall proficiency scores can be used to define cut- 
points that index different knowledge and skill levels. 
(Detailed descriptions of the skill levels are included in 
appendix tables 1-2 and 1-3.) The highest level includes 
students who scored 350 or higher on the overall profi- 
ciency score. In mathematics, this score means that 
these students are able to solve multistep problems and 
to use algebra to solve problems. (See text table 1-1.) 
Virtually no changes in the percentages of students able 
to perform competently at this level have occurred since 
1978 (the first year for which these cutpoints could be 
accurately assessed). Practically no 9- or 13-year-olds 
scored at this level, and only about 7 percent of 17-year- 
olds scored at this level. 

Improvements are evident at the next highest level, 
however. The percentage of 17-year-olds scoring 
300-349, demonstrating competence with “moderately 
complex procedures and reasoning,” increased from 52 
percent in 1978 to 59 percent in 1992. However, percent- 
age of the 9 and 13-year-olds scoring at this level did not 
improve. All of the gains for these groups occurred with 
respect to the lower three levels of proficiency. 


‘The average age-year gains in mathematics are greater from age 9 
to age 13 than from age 13 to age 17. The opposite is true for science. 
This pattern may reflect different real rates of cognitive growth in the 
two subjects. Alternatively, it may reflect curriculum coverage differ- 
ences in mathematics and science. Almost all students study mathe 
matics from early elementary school through the sophomore year of 
high school. The average high school student finishes high school 
with about three credits, and the loss of a fourth year of study roughly 
corresponds to the average difference of about 10 points less gain 
between age 13 and age 17 compared with the gain between age 9 and 
age 13. In contrast, science does not typically enter the curriculum 
until grade 6 or 7. Between age 9 and 13, then, many students will have 
had only 1 or 2 years of exposure to school science. While the average 
high school graduate completes a little over two science courses, he or 
she is stil) likely to receive relatively more exposure to science than 
the younger age group. 
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Text table 1-1. 
Trends in the percentage of students at or above five mathematics proficiency leveis 
Assessment years 
Proficiency level Ability Age 1978 1982 1986 1990 1992 
Level 350.......... Multistep problem 9 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
solving and algebra 13 1 (0.2) 0 (0.1) 0 (0.1) 0 (0.1) 0 (0.2) 
17 7 (0.4) 6 (0.4) 6 (0.5) 7 (0.6) 7 (0.6) 
Level 300.......... Moderately complex 9 1 (0.1) 1 (0.1) 1 (0.2) 1 (0.3) 1 (0.3) 
procedures and reasoning 13 18 (0.7) 17(09) 16 (1.0) 17 (1.0) 19 (1.0) 
17 52 (1.1)  48(1.3) 52 (1.4) 56 (1.4) 59 (1.3) 
Level 250.......... Numerical operations 9 20 (0.7) 19(1.0) 21 (0.9) 28 (0.9) 28 (0.9) 
and beginning problem 13 65 (1.2) 7112) 73 (1.6) 75 (1.0) 78 (1.1) 
solving 17 95 (0.5) 93(05) 96(05) 96(05) 97 (0.5) 
Level 200.......... Beginning skills and 9 70 (0.9) 71 (1.2) 74 (1.2) 82 (1.0) 81 (08) 
understandings 13 95 (05) 98(04) 99 (0.2) 98 (0.2) 99 (0.3) 
17 100 (0.1) 100(0.0) 100(0.1) 1000.1) 100 (0.0) 
Level 150.......... Simple arithmetic facts 9 97 (0.3) 97(03) 98(03) 99(02}) 99 (0.2) 
13 100 (0.1) 100(0.0) 100(0.0) 100(0.0) 100 (0.0) 
17 100 (0.0) 100(0.0) 100(0.0) 100 (0.0) 100 (0.0) 


NOTE: Standard errors appear in parentheses. 


SOURCE: |.V.S. Mullis, J. A. Dossey, J.R. Campbell, C.A. Gentile, C. O'Sullivan, and A.S. Latham, NAEP 1992 Trends in Academic Progress, 
Report No. 23-TRO1 (Washington, DC: National Center for Education Statistics, 1994). 


See appendix table 1-2. 


Essentially the same pattern of stability and improve- 
ments is evident in science: little or no gain at the higher 
levels and substantial gains at the middle and lower lev- 
els. (See text table 1-2.) The percentages of students at 
the higher levels of science achievement also are note- 
worthy. Among the 17-year-olds in 1992, 10 percent were 
able to “integrate specialized scientific information” and 
less than half were able to “analyze scientific procedures 
and data.” While there are signs of progress, the 
Nation's schools clearly have a great deal of room for 
improvement in these vital skill areas. 


Changes in Overall and Specific 
Proficiencies by Sex and Race/Ethnicity 


NAEP results are routinely reported for all students in 
the aggregate and separately for males and females and 
whites, blacks, Hispanics, and Asians. 


Mathematics Proficiency Trends by Sex 

Among the 17-year-olds in 1992, males scored about 5 
points higher than females on the mathematics test. (See 
figure 1-3 and appendix table 1-1.) No significant difference 
in mathematics scores was found among 13-year-olds, and 
among year-olds, the 3-point difference favoring males 
over females was small and barely significant. The mathe- 
matics trend from 1973 to 1990 indicates a reduction in the 
score gap between sexes among 17-year-olds and stability, 
or only very small differences, in the score gap between the 
sexes among 9 and 13-year-olds. 
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Comparing the percentages of males and females who 
attained the different levels of mathematics proficiency in 
1992, the only significant difference between the sexes 
among the 17-year-olds was found at the highest level, 
“multistep problem solving and algebra.” (See text table 1-3 
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Text table 1-2. 
Trends in the percentage of students at or above five science proficiency leveis 
o 
Proficiency level Ability Age 1977 1982 1986 1990 1992 
Level 350.......... integrates specialized 9 0 (0.0) 0 (0.1) 0 (0.1) 0 (0.0) 0 (0.1) 
scientific information 13 1 (0.1) 0 (0.1) 0 (0.1) 0 (0.1) 0 (0.1) 
17 8 (0.4) 7 (0.4) 8 (0.7) 9(05) 10 (0.7) 
Level 300.......... Analyzes scientific 9 3 (0.3) 2 (0.7) 3 (0.5) 3 (0.3) 3 (0.3) 
procedures and data 13 11 (05) 10 (0.7) 9 (0.9) 11 (06) 12 (08) 
17 42 (09) 37(09) 41 (1.4) 43(1.3) 47 (1.5) 
Level 250.......... Applies general 9 26 (0.7) 24(18) 28 (1.4) 31 (08) 33 (1.0) 
scientific information 13 49 (1.1) 51(16) 52 (1.6) 56 (1.0) 61 (1.1) 
17 82 (0.7) 77 (1.0) 81 (1.3) 81 (0.9) 83 (1.2) 
Level 200.......... Understands simple 4 68 (1.1) 71 (19) 72 (1.1) 76 (0.9) 78 (1.2) 
scientific principles 13 86 (0.7) 90(08) 92 (1.0) 92 (0.7) 93 (0.5) 
17 97 (02) 96(05) 97 (05) 97 (0.3) 98 (0.5) 
Level 150.......... Knows everyday 9 94(06) 95(0.7) 96 (03) 97 (0.3) 97 (03) 
science facts 13 98 (0.2) 100(0.1) 100(0.1) 1000.1) 100 (0.1) 
17 100 (0.0) 100(0.1) 100/01) 100(02) 100 (0.0) 


NOTE: Standard errors appear in parentheses. 


SOURCE: |.V.S. Mullis, J A. Dossey, J.R. Campbell, CA. Gentile. C. O'Sullivan, and A.S. Latham, NAEP 1992 Trends in Academic Progress, Report No. 23- 
TRO1 (Washington, DC: National Center for Education Statistics, 1994). 
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Text table 1-3. 
Trends in the percentage of students at or above five mathematics proficiency levels, by sex 
Assessment years 
1978 1992 
Proficiency level Ability Age Maie Female Male Femaie 
— Percent 
Level 350 ............ Multistep problem 9 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
solving and algebra 13 1 (0.2) 1 (0.2) 0 (0.2) 0 (0.3) 
17 10 (0.6) 5 (0.7) 9 (0.7) 5 (0.8) 
Level 300 ........... Moderately complex z 1 (0.2) 1 (0.2) 1 (0.3) 1 (0.4) 
procedures and reasoning 13 18 (0.9) 18 (0.7) 21 (1.1) 17 (1.4) 
17 55 (1.2) 48 (1.3) 60 (1.8) 58 (1.6) 
Level 250 ........... Numerical operations 4 19 (0.6) 20 (1.0) 29 (1.2) 26 (1.5) 
and beginning problem 13 64 (1.3) 66 (1.2) 76 (1.6) 78 (1.1) 
solving 17 93 (0.5) 91 (0.6) 97 (0.6) 96 (0.8) 
Level 200........... Beginning skills and ga 69 (1.0) 72 (1.1) 82 (1. 0) 81 (1.1) 
understandings 13 94 (0.5) 95 (0.5) 99 (0.4) 99 (0.2) 
17 100 (0.1) 100 (0.1) 100 (0.0) 100 (0.0) 
Level 150 ........... Simple arithmetic facts Q 96 (0.5) 97 (0.3) 99 (0.3) 99 (0.3) 
13. = 100 (0.1) 100 (0.1) 100 (0.0) 100 (0.0) 
17 —- 100 (0.0) 100 (0.0) 100 (0.0) 100 (0.0) 


NOTE. Standard errors appear in parentheses. 


SOURCE: |.V.S. Mullis, JA. Dossey, J.R. Campbell, CA. Gentile, C. O'Sullivan, and AS. Latham, NAEP 1992 Trends in Academic Progress, Report No. 23- 
TRO1 (Washington, OC: National Center for Education Statistics, 1994) 
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and appendix table 1-2.) None of the apparent differ- 


ences among the 9 and 13-year-old males and females Figure 1-4. 
me san Trends in average science proficiency, 
was statistically significant in 1992. by age and sex 
Science Proi'ciency Trends by Sex Proficiency test score 
In contrast to the pattern in mathematics, differences in 330 
the student science proficiency between the sexes in 1992 oe 
significantly favored males among the 17-year-olds, 13- _ 
year-olds, and 9-year-olds. (See figure 1-4 and appendix 290 ay 
table 1-1.) The difference was largest among 17-year-olds oe Pe ee 
and smallest among 13-year-olds. The trend lines show dee 13 — 
that the difference between the sexes among the 17-year- 2 | — ee et 
olds declined substantially from the early 1970s. = 
In 1992, a few differences existed in the percentages of a 
males and females successfully attaining each of the five 210 —-" 
NAEP science proficiency levels. (See text table 1-4 and ~_ — Maile 
appendix table 1-3.) Among 9-year-olds, males had a small 
advantage over females at level 200 (knowledge of every- 170 ——-- —— -—— ~——- 
day facts) and at level 250 (simple principles). The latter =... oe = SU SS 
gap actually represents an increase in the difference, by NOTE: Data ere interpoteted for years when NAEP not edmmistered. 
sex, from 1977 to 1992. The only significant male-female See appendix tnble 1-1. 
difference among the 13-year-olds was at the level tapping Science & Engineering indicators - 1908 
the students’ abilities to analyze scientific procedures and 
Text table 1-4. 
Trends in the percentage of students ait or above five science proficiency levels, by sex 
Asessement years 
1977 1962 
Proficsency eve! Abiity Ago Otis Mal Femete ee =2~=~CS«S emai 
Level $60 ........... 9 0 (0.0) 0 @.1) 
13 1 (0.2) 0 (0.1) 
17 = 12 @ 8) 44 (1) 
Level 300 ........... ® 403) 6 © 
13 13 @8) “4 
17 4 (1.1) 61 ' 
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data (level 300); this difference was unchanged from 1977. 
Among 17-year-olds, the gap at the highest level (integra- 
tion) is sizable and appears to have changed little since 
1977. At the next level (analyzes scientific procedures and 
data), the gap by sex is significant for 17-year-olds and has 
not significantly declined since 1977. 


Mathematics Proficiency Trends by Race/Ethnicity 

Gaps exist in the average mathematics proficiency lev- 
els of Hispanics and non-Hispanic blacks and whites.° 
(See figure 1-5 and appendix table 1-1.) The gaps 
between the lines indicate that blacks and Hispanics gen- 
erally scored far below whites at all assessment years. 
(See Trends in English Proficiency Among Hispanic 
Students.) Despite the large gaps between the scores, 
the convergence of the lines indicates that the gaps are 
narrowing, as a result of the larger increases in the 
scores of black and Hispanic students compared with 
scores of white students. This convergence is a real 
improvement and not a “leveling down” of scores toward 
greater equality. 

The race/ethnicity differences are not equal across 
proficiency levels. (See text table 1-5 and appendix table 
1-2.) Among the 9-year-olds, the gaps are concentrated at 
levels 250 and 200. Virtually all 9-year-olds attained level 
150 (simple arithmetic facts), and virtually none attained 
level 300 or higher. Among 13-year-olds, substantial 
race/ethnicity differences emerge at level 250 and 300. 
The same pattern holds for the 17-year-old group: the 
large gaps are at the higher proficiency levels, while the 
differences are relatively small at the lower levels. 

Black and Hispanic achievement did show large gains at 
all but the highest level from 1978 to 1992. (See text table 
1-5.) While these rapid and large gains are encouraging, 
the large disadvantages at higher levels of performance 
should alert schools and parents to a serious concern. 


Science Proficiency Trends by Race/Ethnicity 

The race/ethnicity differences in science achievement 
are larger than those in mathematics. (See figure 1-6 and 
appendix table 1-1.) In 1992, the average for 17-year-old 
whites was 304, compared to 256 for blacks and 270 for 
Hispanics. Among 13-year-olds, the averages were 267 
for whites, 224 for blacks, and 238 for Hispanics. The 
average 17-year-old black scored well below the average 
13-year-old white, while the average 17-year-old Hispanic 
just equaled the average 13-year-old white. 

The general pattern of large but diminishing differ- 
ences among whites, blacks, and Hispanics that was 
seen in mathematics also exists in science. (See figure 1- 
6.) Since 1982, the convergence appears to be stronger 
for Hispanics than for blacks at ages 13 and 17 and about 
parallel for black and Hispanic 9-year-olds. 


‘Information on student race and ethnic identities is obtained direct- 
ly from the students in the NAEP. Students are asked to identify them- 
selves in terms of the following mutually exclusive categories: White, 
Black, Hispanic, Asian/Pacific Islander, and American Indian. 
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Proficiency level breakdowns show the same general 
pattern that was evident in mathematics. (See text table 
1-6 and appendix table 1-3.) Virtually no minority 17-year- 
olds scored at the highest level in 1992, compared with 
13 percent of the 17-year-old white students. At the level 
of ability to do scientific analysis (level 300), no minority 
9-year-olds are represented, compared with 4 percent of 
the white 9-year-olds. Only 2 and 3 percent of the black 
and Hispanic 13-year-olds, respectively, were proficient 
at this level, compared with 15 percent of the whites. 
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Part of the iower achievement among Hispanic 
youth may be attributable to high rates of immigra 
tion from Latin American countries since 1980 and 
lower levels of English proficiency among recent 
immigrants. While the achievement trends for 
Hispanics are positive, the numbers of Hispanic 
youth who speak Spanish at home and who have lim- 
ited English proficiency increased from 1980 to 1990. 
The reason for this apparent anomaly may be that, 
despite the growth in absolute numbers, the propor- 
tion of speaking school-age individu- 
als who have limited English proficiency has 
remained largely the same. Data from the U.S. 
Bureau of Census show that in 1980, 2.9 million per- 
sons aged 5 to 17 spoke Spanish at home. Of those, 
44.5 percent were considered by the census respon- 
dent to speak English less than “very well.” In 1990, 
the number of 5- to 17-year-olds who spoke Spanish 
at home reached 4.2 million. Despite the rapid 
increase, the 1990 census respondents indicated that 
a slightly lower percentage (39.3 percent) of the 
school-age youth spoke English less than “very 
well.” Further breakdowns by state show that 
increases in percentages of limited-English-speaking 
students (three-quarters of whom speak Spanish as 
their mother tongue) were largely confined to 
California. The percentages of limited-English-speak- 
ing students decreased in Texas and New Mexico 
and increased only slightly from 1980 to 1990 in 
Arizona and New York (Smith, Rogers, Alsalam, 
Perie, Mahoney, and Martin, 1994, table 46-2). 


The gaps at level 300 among 17-year-olds are less 
extreme but still very large. 

The pattern of gains from the 1977 to the 1992 science 
assessments indicates that all of the significant gains 
over the period for minority youths were in the lower 
three levels of proficiency. (See text table 1-6.) The only 
group that did not realize any significant net gains at any 
proficiency level were 17-year-old Hispanic youths. 
However, proficiency scores of Hispanic 17-year-olds, 
which declined sharply in 1982, have been steadily 
improving. (See text table 1-6.) 


Mathematics Content Area 
Proficiency by Sex and Race/Ethnicity 


The 1990 and 1992 mathematics assessment intro- 
duced a set of content area scores to enable monitoring 
of progress within mathematics subjects, or content 
areas. These areas include numbers and operations; 
measurement; geometry; data analysis, statistics, and 
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probability; algebra and functions; and estimation. (See 
appendix table 1-4 for NAEP descriptions of each area.) 

The 2-year period between these assessments is not 
long enough to allow for significant changes in proficien- 
cy levels. However, it is sufficient time for determining 
whether exceptionally large or small subpopulation dif- 
ferences can be found on the various subscales. The 
comparisons by sex for 1992 12th-graders show signifi- 
cant differences favoring males in measurement, geome- 
try, and estimation skills. (See figure 1-7.) As is true of 
the overall differences in mathematics proficiency 
between males and females, none of these differences is 
very large. 

The race/ethnicity differences are also fairly constant 
across the various content areas. (See figure 1-7.) The 
black-white gap is largest in the areas of data analysis, 
statistics, and probability, where the group difference is 
32 points. The main point to be made from this compari- 
son of NAEP content areas is that the sex and race/eth- 
nicity differences within content domains tend to be 
consistent with the overall mathematics proficiency dif- 
ferences among these racial-ethnicity groups. 


Changes in Student Background and 
Mathematics Achievement Score Trends 


Mathematics achievement outcomes generally 
increased during the 1980s. Moreover, while large test- 
score differences among race/ethnicity groups remain, 
some of the differences appear to have diminished in 
recent years. Two very general factors explain these 
changes: (a) changes in students’ social backgrounds 
and (b) changes in students’ schooling experiences. 
Both factors are related to achievement scores, and both 
have probably changed in some important ways over the 
period. The 1994 RAND Corp. report Student Achieve- 
ment and the Changing American Family (Grissmer, 
Kirby, Berends, and Williamson, 1994) tried to assess 
the relative strengths of these factors by analyzing sever- 
al national data bases spanning the 1970s and the 1980s. 
The authors focused on achievement in two areas, math- 
ematics and verbal skills, but they did not examine 
trends in science achievement. 

One important change in schooling has been the shifts 
in student coursework, as documented in the next sec- 
tion of this chapter. Another set of changes, which are 
more recent and not as well documented, relates to the 
reform efforts discussed in the introduction and in the 
third section below. 

At the same time, the background characteristics of stu- 
dents have also changed significantly. Some changes seem 
to favor student achievement, while others seem to work 
against it. (See text table 1-7.) From 1970 to 1990, the 
income of households in which the 15- to 18-year-olds lived 
increased only slightly, but their parents’ average education 
levels increased dramatically over the 20-year span. Family 
size, which usually bears a negative relationship on 
achievement scores (Blake, 1989), declined in average size. 
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Text table 1-5. 
Trends in the percentage of students at or above five mathematics proficiency leveis, by race/ethnicity 
Assessment years 
1978 1992 
Profici —_ Abit hep Whi a” Whi Black ee 
Level 350.......... Multistep problem 9 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
solving and algebra 13 1 (0.2) 0 (0.1) 0 (0.1) 0 (02) 003) 0 (01) 
17 8 (0.5) 0 (02) 1 (06) 9 (09) 1/(0.7) 1 (08) 
Level 300.......... Moderately complex + 1 (0.2) 0 (0.1) 0 (0.5) 1 (0.3) 001) 0 (05) 
procedures and reasoning 13 21 (0.7) 2 (0.5) 4 (1.0) 23 (1.3) 4 (0.7) 7 (1.2) 
17 58 (1.1) 17 (1.6) 23 (2.7) 66 (1.4) 30 (3.9) 39 (4.9) 
Level 250 .......... Numerical operations 9 23 (09) 4 (06) 9 (25) 32 (1.0) 10 (1.4) 12 (2.5) 
and beginning problem 13 73 (09) 29 (2.1) 36 (2.9) 85 (1.1) 51 (2.7) 63 (2.7) 
solving 17 96 (0.3) 71 (1.7) 78 (2.3) 98 (0.4) 90 (2.5) 94 (22) 
Level 200.......... Beginning skills and 9 76 (1.0) 42 (1.4) 54 (2.8) 87 (0.7) 60 (2.8) 65 (2.9) 
understandings 13 98 (0.3) 80 (1.5) 86 (0.9) 100 (0.2) 95 (1.4) 98 (0.7) 
17. +100 (0.0) 99 (0.3) 99 (0.4) 100 (0.0) 100 (0.1) 100 (0.0) 
Level 150.......... Simple arithmetic facts 9 98 (0.2) 88 (1.0) 93 (1.2) 100 (0.1) 97 (1.1) 97 (1.3) 
13. 100 (0.0) 99 (0.4) 100 (0.3) 100 (0.0) 100 (0.1) 100 (0.0) 
17 += 100 (0.0) 100 (0.0) 100 (0.0) 100 (0.0) 100 (0.0) 100 (0.0) 


NOTE: Standard errors appear in parentheses. 


SOURCE: |.V.S. Mullis, J.A. Dossey, J.R. Campbell, C.A. Gentile, C. O'Sullivan, and A.S. Latham, NAEP 1992 Trends in Academic Progress, Report No. 23- 


TRO1 (Washington, DC: National Center for Education Statistics, 1994). 
See appendix table 1-2. 


In contrast to these trends, two variables changed in 
ways that might be expected to reduce achievement. The 
average mother’s age at the time of the child’s birth 
decreased, and the proportion of students living with a sin- 
gle mother increased from 14 to 23 percent. Both of these 
variables are negatively associated with household income 
and parental education; they may also have negative 
effects on achievement even allowing for income and edu- 
cation. Younger mothers, for example, may not be as well 
prepared as older mothers for maternity, particularly if 
they lack strong social support from relatives or friends in 
their local community. The negative effects of single par- 
enthood appear to be related to the emotional upheavals of 
marital dissoluticn and to the lack of the complementary 
adult authority that a father who is present normally repre- 
sents (McLanahan and Sandefur, 1994). 

Maternal employment is another variable often impli- 
cated in the dynamics of student achievement. (See text 
table 1-7.) The percentage of students whose mothers 
worked increased from 49 to 69 percent between 1970 and 
1990. The effects of maternal employment on achieve- 
ment outcomes are usually mixed though, with benefits 
accruing to female students but not to male students. 

The 1994 RAND study estimated the effects of these 
social background variables on students’ achievement 
scores using two large national data bases. The study 
used these estimates to calculate the extent to which the 
NAEP trends could be explained by changes in students’ 
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social backgrounds. The study found that only about one- 
third of the NAEP gains of black and Hispanic students in 
mathematics from 1975 to 1990 can be accounted for by 
the changes in family background. In contrast, virtually 
all of the mathematics gains of white students can be 
attributed to family background changes (Grissmer, 
Kirby, Berends, and Williamson, 1994, pp. 95-96). 

Thus, while the family background resources of U.S. 
students improved from 1970 to 1990, the improvements 
were not sufficient to account for all of the gains made 
by black and Hispanic youths. The inability of family 
background variables to account for all the achievement 
gains made by minorities suggests that changes in the 
schooling experiences of these students have improved 
their outcomes over the 1970 to 1990 span. The RAND 
report does not pursue the identification of schooling 
variables that could explain the improvements. Further 
research is needed to give a fuller account of the gains in 
mathematics achievement by minorities. 


International Comparisons 
of 9- and 13-Year-Olds 


In 1991, the Educational Testing Service (which 
administers the NAEP), initiated the International 
Assessment of Educational Progress (IAEP), an interna- 
tional study of science and mathematics proficiency. 
Fourteen industrialized countries assessed nationally 
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representative samples of their 13-year-olds, while 10 
assessed nationally representative samples of 9-year- 
olds. (The national averages for mathematics are shown 
in figure 1-8 and appendix table 1-5, and the science 
results are shown in figure 1-9 and appendix table 1-6.) 
Comparing the overall averages for mathematics, U.S. 
students ranked at or near the bottom, with scores signif- 
icantly lower than those of students from Korea, 
Hungary, Taiwan, the former Soviet Union, and Israel. 
(See figure 1-8.) U.S. 9-year-olds correctly answered about 
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58 percent of the items, compared with Korean youth, 
who correctly answered 73 percent. The U.S. 13-year-olds 
correctly answered about 55 percent of the mathematics 
items, compared with Koreans and Taiwanese who cor- 
rectly answered 73 percent and Swiss, former Soviet, and 
Hungarian 13-year-olds who correctly answered about 70 
percent. The U.S. 13-year-old students scored significantly 
lower than students from all nations except Slovenia, 
Spain, Ireland, and Scotland. 

The range of mathematics test scores among U.S. stu- 
dents is relatively large compared with the scores of stu- 
dents in other 1.ations. The highest U.S. scores were 
close to the highest scores of students from countries 
with the highest overall scores. However, the lowest 
scoring students in the United States are lower than 
their counterparts in all of the other countries. 

A similar pattern is found in science. (See figure 1-9.) 
Korea and Taiwan are once more at the top of both age 
groups. The main difference between the science and 
the mathematics results is that the average science 
achievement of U.S. 9-year-olds is not significantly lower 
than that of any other nation, and it is significantly high- 
er than the achievement of Slovenia and Ireland. Among 
the 13-year-olds, however, the average science achieve- 
ment of U.S. students is not significantly higher than any 
country and is significantly lower than the achievement 
of Korea, Taiwan, Switzerland, and Hungary. As in math- 
ematics, the top-scoring students in the United States 
compare closely with the top-scoring students in all but 
the highest-ranking nations. 


Differences Among States 
in Mathematics Achievement 


The NAEP expanded in 1992 to collect mathematics 
data on a state-by-state basis for fourth- and eighth-grade 
students. These data give an unprecedented look at how 
the states compare, and the trend data that will eventual- 
ly be assembled should allow for very useful analyses of 
the effects of various policy initiatives. 

The data for eighth-grade public school white students 
indicate some large achievement differences among 
states. (See figure 1-10 and appendix table 1-7.) States 
with the lowest scores among white students are concen- 
trated in the South, including Mississippi, Louisiana, and 
Alabama. States with the highest scores among whites 
are found in the Upper-Midwest, as well as in Conn- 
ecticut and New Jersey in the East. The difference 
between the highest and lowest states is 22 points.® 

Comparable regional clusters are not apparent for 
eighth-grade public school black students, however. 
(See figure 1-11 and appendix table 1-7.) State-to-state 
differences in average black mathematics achievement 
also appear to be less than the state differences for 
whites. Black achievement is highest in Arizona, 
Wisconsin, Virginia, Indiana, Massachusetts, and West 


"About 60 percent of the full-sample standard deviation (36.6) of indi- 
vidual student scores. 
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Text table 1-6. 
Trends in the percentage of students at or above five science proficiency levels, by race/ethnicity 
Assessment years 
1977 1992 
Profic — Abita Age Whi aie Whi Black Hispani 
Level 350.......... integrates specialized 9 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.1) 0 (0.0) 0 (0.0) 
scientific information 13 1 (0.1) O (0.0) 0 (0.1) 0 (0.1) 0O (0.0) 0 (0.0) 
17 10 (0.4) 0 (02) 2 (06) 13 (0.9) 1(1.1) 2 (1.2) 
Level 300.......... Analyzes scientific 9 4 (03) 0(0.1) 0O (04) 4 (04) 0(03) 0 (0.4) 
procedures and data 13 13 (0.5) 1 (0.4) 2.0 (0.8) 15 (1.0) 2 (08) 3 (1.3) 
17 48 (0.7) 8 (1.0) 18 (2.1) 55 (1.7) 14 (2.5) 23 (3.8) 
Level 250.......... Applies general 9 31 (0.7) 4 (06) 9 (1.7) 39 (1.1) 9 (1.4) 12 (1.8) 
scientific information 13 56 (0.9) 15 (1.7) 18 (1.8) 71 (1.3) 26 (2.8) 36 (2.9) 
17 88 (0.4) 40 (1.5) 62 (1.7) 90 (1.0) 56 (3.7) 68 (6.6) 
Level 200.......... Understands simple 9 77 (0.7) 27 (1.5) 42 (3.1) 86 (0.9) 51 (3.5) 56 (4.3) 
scientific principles 13. 92 (0.5) 57 (2.4) 62 (2.4) 98 (0.4) 74 (2.8) 86 (2.6) 
17 99 (0.1) 84 (1.3) 93 (1.7) 99 (0.3) 92 (1.8) 95 (2.6) 
Level 150.......... Knows everyday 9 98 (0.3) 72 (1.8) 85 (1.8) 99 (0.1) 91 (1.8) 92 (1.7) 
science facts 13 100 (0.1) 93 (1.0) 94 (1.3) 100 (0.0) 98 (0.6) 100 (0.5) 
17 100 (0.0) 98 (0.3) 100 (0.2) 100 (0.0) 100 (0.3) 100 (0.0) 


NOTE: Standard errors appear in parentheses. 
SOURCE: |.V.S. Mullis, J.A. Dossey, J.R. Campbell, C.A. Gentile, C. O'Sullivan, and A.S. Latham, NAEP 1992 Trends in Academic Progress, Report No. 23- 


TRO1 (Washington, DC: National Center for Education Statistics, 1994). 
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Figure 1-7. 
Average proficiency in mathematics content areas for 12th-graders, by race/ethnicity and sex: 1992 
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Text table 1-7. 
Selected family and demographic characteristics of 15—18-year olds 
Difference from 
Variable | 1970 1980 1990 1970 to 1990 
1987 constant dollars 
ine e0ne66eosendesesdbareeds 38,716 40,531 39,966 1,250 
Percent 
Mother's education 
Less than high school ................. 38.2 27.4 17.1 -21.1 
High school... ..............0000005- 44.7 46.8 47.1 2.4 
Some college ................2.0005. 10.4 15.1 20.0 9.6 
College graduate..................... 6.7 10.7 15.8 9.1 
Father's education 
Less than high school ................. 42.8 30.4 19.1 -23.7 
Ts i. 696 6b ee<0e00sss0sse8s 32.7 35.3 37.8 5.1 
cna ceesccccececeeseenes 11.3 15.7 20.3 10.0 
College graduate..................... 13.2 18.5 22.8 9.6 
Number of siblings 
in tenbhehebensecnsessneneneeess 48.2 58.7 72.5 24.3 
iitipeneeaneonneeeeeengnenseeee 33.7 32.7 23.5 -10.2 
Pad 6 one nhone06000ees 0400000 18.0 8.6 40 -14.0 
Age of mother at child's birth 
TE cp besseceancecaceses’ 9.3 10.0 13.1 3.8 
tT tcnegene oeneesneeeecueee’ 28.2 32.3 31.9 3.7 
TE i inons 6000000080 008400804 30.9 29.2 33.9 3.0 
30 years Ormore.... 2... eee 31.6 28.5 21.2 -10.4 
En. / 9960600 0040000060066% 13.6 20.0 22.8 9.2 
PED, ccc cccecccceceeeeseues 49.3 59.3 68.6 19.3 
Race 
n¢h0000000006900¢00060064084 11.9 13.7 . 14.0 2.1 
+) 0. .he00 ee eeeeheeeeees onus 88.1 86.3 86.0 -2.1 


SOURCE: D.W. Grissmer, S.N. Kirby, M. Berends, and S Williamson, Student Achievement and the Changing American Family (Santa Monica, CA: RAND, 


1994). 


Virginia. Average achievement levels do not differ signif- 
icantly among these states; the estimated averages range 
from around 240 to 250. At the other extreme, black 
mathematics achievement is lowest in Arkansas, 
Mississippi, Alabama, Louisiana, Michigan, and New 
York. Black achievement levels on the mathematics test 
average around 230 in these states. 

The state-by-state mathematics averages for eighth- 
grade, public school Hispanic students follow the gener- 
al pattern for the averages of non-Hispanic white 
students. Scores tend to be highest in the Midwest and 
lowest in the South. Scores in staies where Hispanics are 
most populous (California, Texas, New Mexico, and 
Arizona) tend to lie in the middle of the national range 
for Hispanic eighth graders. (See figure 1-12 and 
appendix table 1-7.) 
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Differences among states can be accounted for by a 
variety of factors. State education policies and programs 
differ in ways that are likely to be important for student 
outcomes; states also differ in the levels of parental edu- 
cation. Since parental education has always been found 
to correlate strongly with children’s achievement levels, 
some adjustment for this factor must be made before 
conclusions can be drawn regarding the impact of policy 
differences. A scatterplot of the 1992 NAEP eighth grade 
state-average mathematics achievement against the per- 
centage of persons 25 years or older in the state with 
high school diplomas shows a clear positive relationship. 
(See figure 1-13 and appendix table 1-7.) It is also clear 
that some states do not follow the general pattern. Thus, 
differences among states with comparable levels of par- 
ent education are present and may be traceable to policy 
differences. 
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Figure 1-8. 
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Figure 1-9. 
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Figure 1-10. 
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Mean scores of eighth-grade public school white students on NAEP mathematics test: 1992 


“This category includes states where there were too few sample cases for a reliable estimate and nonparticipants. 


See appendix table 1-7. 


Comparisons of NAEP National and 
State-by-State Data with International Data 


Another interesting set of comparisons can be made 
between the states and data from other countries. 
Because the [AEP mathematics tests included a number 
of items that were also included in the NAEP state-by- 
state mathematics assessment, it is possible to calculate 
comparable scores for states and countries. Despite the 
poor overall standing of U.S. students, some of the U.S. 
states achieved at levels that compare quite closely to 
the highest performing nations. (See figure 1-14.) 
Taiwanese students scored the highest, followed by 
Korea, but lowa and North Dakota scored at levels equal 
to the Korean students, and Minnesota scored only 
slightly lower. At the other end of the scale, none of the 
industrial nations scored as low as the 15 lowest U.S. 
states. Mississippi scored at about the same level as the 
nation of Jordan, for example. 
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Experiments with Constructed Response 
Questions for Assessing Mathematics 
Achievement 


Criticism of traditional multiple-choice and short- 
answer tests has grown in recent years. The NCTM has 
advocated tests that assess “authentic performance” and 
provide teachers with information on how students are 
thinking, instead of tests that simply determine whether 
various questions are answered correctly or incorrectly 
(NCTM, 1989). 

Tests used by NAEP and large national sample sur- 
veys, such as NELS:88, have historically consisted entire- 
ly of multiple-choice items. The items are selected to 
represent knowledge and skills that a broad range of 
experts believe should be taught in mathematics and sci- 
ence classes at the grade levels being assessed. A num- 
ber of observers have questioned whether the 
multiple-choice format is intrinsically unable to measure 
achievement on significant parts of the curricula schools 
should be implementing. 
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Figure 1-11. 
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Two noteworthy experiments were conducted in recent 
years in an effort to assess whether the multiple-choice 
format leads to biased estimates of students’ mathematical 
skills and knowledge. Both involved the use of “construct- 
ed response” formats, where students are asked to write 
an answer and show steps, rather than simply to choose 
from a set of response options. One of the experiments 
was administered with the 1992 NAEP assessment of 
mathematics; the other was administered with the 1990 
and 1992 follow-up data provided by NELS:88. 

The results of these studies hold some important impli- 
cations for future assessments. Rock and Pollack (1995) 
found that black and Hispanic youths score higher on the 
constructed-response tests than on the multiple-choice 
formats. Females score about the same as males on the 
constructed-response and multiple-choice formats in 
mathematics, but relatively worse on the constructed- 
response format in science. Further work is needed to 
explain these differences and to work out the implica- 
tions for both assessment and evaluation research. 


Curriculum and Instruction 
in High Schools 


Trends in Completion Rates of High School 
Mathematics and Science Courses 


The NAEP achievement data reviewed above showed a 
number of areas of improvement over the 1980s, and the 
recent RAND report found that most of the gains realized 
by black and Hispanic students in mathematics could not 
be attributed to improvements in minority students’ fami- 
ly backgrounds. One factor contributing to the rise of 
achievement scores could be an increase in student 
coursework in mathematics and science. A number of 
large-scale studies have collected transcripts from 
national samples of high school graduates and have 
coded the coursework records into standardized schema 
that allow comparisons of students across the country. 
The baseline study was conducted in 1982. The High 
School and Beyond (HS&B) study collected the tran- 
scripts of approximately 14,000 students who first partici- 
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Figure 1-12. 
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Meen scores of eighth-grade public school Hispanic students on NAEP mathematics test: 1992 


“This category includes states where there were too few sample cases for a reliable estimate and nonparticipants. 


See appendix table 1-7. 


Figure 1-13. 


Average mathematics achievement of eighth-grade 


students, by percentage of persons age 25 and over 
with high school diplomas for 41 states: 1992 
Average NAEF score 
285 
on @ ®* « 
on ee? 
pa *° ¢, ty 
265 8 we 
ad “eo* A o° e 
255 e 
250 °« 
245 4 _i 
ee 


Percentage of persons age 25 and over with high schoo! diploma 


See appendix table 1-7. 
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pated in the study in 1980, when they were high school 
sophomores. As a complement to the achievement data 
it collects, the NAEP has also collected transcripts for the 
12th graders it assessed in 1987, 1990, and 1992. 
NELS:88, the successor to HS&B, also collected tran- 
scripts for the students in the fall of 1992, when most of 
the 1988 eighth-graders in the study had just graduated 
from high school. 


Coursetaking Trends by Sex 

High school mathematics and science coursetaking 
steadily increased from 1982 to 1992 for both males and 
females. (See figure 1-15 and appendix tables 1-8 and 
1-9.) The percentage of students earning one or more 
credits in biology rose from about 75 percent of females 
and 78 percent of males in 1982 to over 90 percent of 
both by 1992. The increase in students compicting a 
chemistry course was even steeper, rising from around 
30 percent to over 50 percent 10 years later. While 
enrollment rates in physics are much lower than biology 
and chemistry, enrollments in physics also grew signifi- 
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cantly, particularly among females. Female enrollment in 
physics grew from about 8 percent to almost 20 percent, 
but remained somewhat below the rate for males in 
1992. This is the point where the largest gap by sex, in 
either science or mathematics, exists. 

The growing percentages of students earning credits 
in geometry and algebra II paralleled the rapid growth in 
chemistry. (See figure 1-15.) In 1992, 70 percent of males 
and females completed geometry, and about 60 percent 
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completed algebra II. Enrollment rates in trigonometry 
and calculus were much lower than in algebra and geom- 
etry, but large enrollment gains occurred in these more 
advanced subjects. By 1990, no gaps by sex were evident 
in either trigonometry or calculus. 


Coursetaking Trends by Race/Ethnicity 

While the male-female differences in coursetaking 
have decreased and are now generally small, the differ- 
ences among whites, blacks, and Hispanics are still sub- 
stantial. The transcript data show that whites and 
minorities reached parity in the percentages of students 
completing algebra I and that the gaps declined consid- 
erably in geometry. (See figure 1-16 and appendix table 
1-8.) All groups were more likely to complete algebra II, 
and the gap between coursetaking of white students and 
Hispanic students narrowed. The black and white 
increases, however, are roughly parallel. In 1992, about 
60 percent of whites completed algebra II, while about 
42 percent of black students did so. Similarly, the rates 
of completion for trigonometry increased for all stu- 
dents, but minority-white differences of about 8 percent- 
age points in 1982 remained little changed by 1992. The 
apparent leveling of the black completion rates for alge- 
bra II and trigonometry from 1990 to 1992 are curious, 
but they are not large enough to speculate upon. 

Blacks, Hispanics, and whites were equally likely to 
complete a course in biology by 1992, with over 90 per- 
cent of high school graduates completing it. (See figure 
1-17 and appendix table 1-9.) The numbers completing 
chemistry increased substantially from 1982 to 1992, so 
that almost 60 percent of white graduates completed 
chemistry, and about 45 percent of blacks and Hispanics 
completed it. The 1992 completion rate for minorities 
was about equal to the 1987 completion rate for non- 
Hispanic whites. The race/ethnicity gaps also remained 
largely unchanged in physics, even though the course- 
completion rates increased. 

The overall pattern of increasing course completion 
rates is one of the more striking changes in secondary 
education over the past decade. One factor contributing 
to this increase is the increased numbers of mathematics 
and science courses students must complete in order to 
fulfill state and local graduation requirements. This is 
probably not the only factor at work, however, because 
graduation requirements typically stipulate only the 
numbers and not the types of mathematics and science 
courses that must be completed. The increases in upper- 
level courses, such as calculus and physics, are more 
likely due to forces related to college entrance require- 
ments and competition for places in selective institu- 
tions. More research is needed to gain a better 
understanding of this important trend. 
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Figure 1-15. 
Percent of high school earning credits in science and mathematics co. *\es, 
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Coursetaking and Student Achievement 


The NELS:88 data include mathematics and science 
achievement scores from 1988, when the students were 
in the eighth grade, and from 1990 and 1992, when most 
of the 1988 eighth-graders were sophomores and 
seniors. By analyzing both the students’ background 
information and transcripts, it is possible to assess the 
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relationships between coursetaking and achievement 
gains in order to ascertain how these relationships vary 
among students from different social backgrounds. 

Just as near parity exists in the rates at which males 
and females complete the high school mathematics and 
science courses, the NELS:88 transcript data show that 
males and females complete about the same number of 
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total credit units of mathematics and science during high 
school (Hoffer, Rasinski, and Moore, 1995). (See appen- 
dix table 1-10.) The association between achievement 
growth in mathematics from the end of the 8th grade to 
the end of the 12th grade and the number of mathemat- 
ics courses students complete shows that achievement 
growth from 8th- to 12th-grade is greater the more math- 
ematics courses the student completes during high 
school. (See appendix table 1-11 for source data.) (See 
figure 1-18.) The gap between the lines for males and 
females indicates the amount of additional gain that the 
higher group realized at that level of courses completed. 
These gaps are quite small and statistically insignificant, 
indicating that the achievement gains of males and 
females per additional mathematics course completed 
are about equal. 

The general relationship between science achieve- 
ment gains and science coursework is positive for both 
males and females. (See figure 1-19.) In contrast to math- 
ematics, though, the gap between the slopes for males 
and females is sizable, roughly equal to the amount of 
gain per additional course completed. In other words, 
females who completed four science courses gained 
about the same amount of achievement as males who 
completed just three science courses. 

Why do females gain less from their science classes? 
Probably partly because females in 1992 were still signifi- 
cantly less likely to complete a high school physics 
course. (See figure 1-15.) This coursetaking difference, 
however, would presumbly affect students at the higher 
end of the course-count distribution and could not 
account for the lower achievement gains of females com- 
pleting one or two science classes. Further research on 
this issue could examine both the transcript information 
on courses completed and grades ear ' in those cours- 
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es, as well as the wealth of information NELS:88 has on 
achievement-related experiences outside of the courses 
students completed. 

The relationship between achievement growth and 
coursetaking show that students from all race/ethnicity 
backgrounds realize greater achievement gains from 
additional coursework. (See figures 1-20 and 1-21 and 
appendix table 1-11.) The gains for black students are 
somewhat lower than for other students, and the differ- 
ences appear to be particularly large in science. Hispanic 
youths also appear to realize lower achievement gains 
per additional science courses than whites or Asians. 
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Figure 1-19. 
Average science test score gain from 8th to 12th 


grade, by number of science courses completed 
during school and student sex: 1982 
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See appendix table 1-11. 
Science & Engineering indicators - 1996 


As with the gaps by sex of students completing the 
same numbers of courses, the lower returns to minority 
youths may reflect their lower enrollments in more 
advanced mathematics and science courses. Minority 
youths are also concentrated in schools with fewer 
instructional resources (Oakes, 1990; Division of 
Research, Evaluation, and Communication, forthcom- 
ing), and, as a consequence, these students may get less 
out of nominally identical courses completed by white 
students attending better-endowed schools. 


Relationship of Performance to Instruction 


The differences among students in the kinds and num- 
bers of courses they complete are strongly related to 
their patterns of achievement growth during high school. 
Nonetheless, coursetaking differences do not explain all 
of the variability in student outcomes. Common sense 
suggests that learning will also depend on a variety of fac- 
tors that are likely to vary within courses. For example, 
some geometry teachers are much more demanding than 
others, and some geometry textbooks may defeat even 
the best teachers. The NELS:88 survey addressed the 
problem of how mathematics and science classes differ 
and what effect these differences have on student learn- 
ing. Detailed information from the teachers of the sam- 
pled students were collected at three junctures: in 1988, 
when the sampled students were in the eighth-grade; in 
1990, when most were high school sophomores; and in 
1992, when most were high school seniors. 

Several studies published in the past few years have 
examined these data (Horn, Hafner, and Owings, 1992; 
Hoffer and Moore, 1995; Kupermintz, Ennis, Hamilton, 
Talbert, and Snow, 1995; Hamilton et al., 1995). The 
Hoffer and Moore report examines the relationship of 
several instructional variables with achievement score 
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Figure 1-21. 
science test score gain from Sth 
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gains from 1990 to 1992. While most variables show little 
connection with student achievement growth once differ- 
ences in the levels of the courses are statistically con- 
trolled, a few interesting findings do appear. The reform 
recommendations in mathematics advocate placing 
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greater emphasis on problem-solving skills, and it turns 
out that teachers who claim to do so have students who 
gain more from the sophomore to the senior year. 

The 12th-grade mathematics teachers of the NELS:88 
students were asked to indicate the extent to which they 
emphasized various skills that typify “higher-order think- 
ing” in mathematics. These include emphasis on 


@ Learning to represent problem structures in multiple 
ways (e.g., graphically, algebraically, numerically, etc.); 


@ Integrating different branches of mathematics (e.g., 
geometry and algebra) into a unified framework; 


@ Conceiving and analyzing the effectiveness of mullti- 
ple approaches to problem solving; 


@ Raising questions and formulating conjectures. 


Since the teachers’ responses to these four questions 
proved to be highly correlated, the items were averaged 
together to create a common “emphasis on higher-order 
thinking” scale. 

The emphases that teachers place on these kinds of 
skills are likely to vary with the ability level of the class, 
probably because students in higher-ability classes are 
more receptive to the cognitive challenges represented 
by these skills or because teachers hold lower expecta- 
tions of students in lower-level classes. In any case, it is 
important to determine whether the emphasis on higher- 
order thinking skills is related to learning differences 
within ability groups. 

The NELS:88 1992 teacher survey asked teachers to 
indicate whether the class in question was generally 
below average, average, or above average in comparison 
to the achievement level of all seniors in the school. The 
mathematics teachers’ emphasis on higher-order thinking 
skills was positively related to the students’ average math- 
ematics achievement test score gains from 1990 to 1992. 
(See figure 1-22 and appendix table 1-12.) Moreover, the 
positive relationship appeared to hold for students in low-, 
average-, and high-ability classes. The mean achievement 
score gain for the students in below-average classes (level 
1) was greater in classes with emphasis on higher-order 
thinking skills. Students gained slightly more than two 
points between the 10th and 12th grades, when no empha- 
sis was placed on higher-order thinking. This gain 
increased to about five points when higher-order thinking 
skills received major emphasis. (The standard deviation of 
the NELS 1992 composite mathematics test sed here is 
15 points.) The mathematics gains of students in average- 
achievement level mathematics classes (level 2) show the 
most correlation with increased emphasis on higher-order 
thinking; the associated gains range from less than one 
point for no emphasis to nearly six points for major 
emphasis. Finally, while teachers of students in classes 
with above-average achievement levels (level 3) all placed 
at least minor emphasis on higher-order thinking skills, 
students in classes with a major emphasis gained an aver- 
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Figure 1-22. 

Average mathematics test score gain by 
achievement level of class and emphasis on 
higher order thinking skilis: 1990-92 
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age of two points more than students in classes with a 
minor emphasis on higher order skills. 

Because it is not entirely clear what the teachers 
meant when they indicated that they emphasized higher- 
order thinking skills, these results must be interpreted 
cautiously. However, these results do at least suggest 
that students respond well to the greater cognitive 
demands of a problem-solving approach in mathematics. 


Computer Use in School and at Home 


A key part of the instructional standards developed by 
NCTM and NSTA is that classes should make greater use of 
new technologies. For mathematics, this mainly amounts to 
the increased use of hand-held calculators. Once students 
learn basic principles, calculators can be used to reduce 
time spent on tedious drills. Calculators also have an impor- 
tant contribution in learning more advanced mathematics, 
particularly in helping students develop graphical represen- 
tations of functions. Personal computers are more impor- 
tant to science education than to mathematics at the 
secondary grade level. The main scientific uses of comput- 
ers are for compiling and analyzing data. 

National data on the use of calculators and computers 
in schools show that both have grown rapidly in recent 
years. Data collected by the Current Population Surveys 
(CPS) of the U.S. Bureau of the Census show that 35 per- 
cent of all elementary and secondary students in 1984 
had used a computer at home or school. This figure rose 
to 68 percent by 1993. Further breakdowns of the CPS 
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data show that the use of computers both at home and at 
school are correlated with race/ethnicity and family 
income. (See figure 1-23 and appendix table 1-13.) The 
correlations likely reflect the cost of owning and operating 
a computer. In 1993, 51 percent of high-income elemen- 
tary students, versus 4 percent of low-income elementary 
students, used computers at home. Comparable differ- 
ences are found among secondary students. Nonetheless, 
these large differences should not overshadow the large 
differences in school use between rich and poor students 
at both the elementary and secondary levels. Poor stu- 
dents’ lack of familiarity with computers may place dispro- 
portionate numbers of low-income and minority youth at 
some disadvantage in postsecondary educational and 
occupational pursuits (Smith, Rogers, Alsalam, Perie, 
Mahonie, and Martin, 1994). 


The Impact of High School Coursework 
in Science and Mathematics on Transitions 
to College and Work 


The mathematics and science reform movement has 
emphasized the importance of requiring all students, 
not only those planning to attend college, to complete 
more science and mathematics during high school. 
The benefits of additional coursework are fairly trans- 
parent for students who attend college, but may be less 
obvious for those going directly into the labor force 
after high school. Proponents of these recommenda- 
tions generally argue that additional coursework in 
these areas will improve the employment opportunities 
and productivity of students who go directly into the 
workforce, many of whom will work—or would work, if 
they had the skills—in jobs, requiring some mathemat- 
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ics, an understanding of basic scientific principles, and 
inquiry skills. 

The evidence from national surveys on the benefits of 
more high school coursework in mathematics and sci- 
ence is mixed. Drawing on the HS&B students’ high 
school transcripts, students can be classified into five lev- 
els of science and mathematics coursework completion: 


@ General or limited completers (non-college-prepara- 
tory in either mathematics or science); 


@ Minimal college preparatory in either mathematics 
or science, but not both; 


@ Minimal college preparatory in both mathematics 
and science; 


@ Advanced college preparatory in either mathematics 
or science, but not both; 


@ Advanced college preparatory in both mathematics 
and science. 


An analysis of the HS&B data shows that, among stu- 
dents who went to college after high school, completing 
higher levels of high school mathematics and science 
courses is positively related to the likelihood of contin- 
ued 4-year college enrollment (or degree completion) 4 
years after high school. These results are based on a 
regression model that statistically controls for individu- 
als’ social backgrounds and verbal achievement levels. 
(See figure 1-24.) Since many students who start college 
quit before completing a baccalaureate degree, the high- 
er rates of enrollment may indicate that a stronger high 
school preparation in science and mathematics gives 
individuals an advantage in the college environment. Of 
course, motivational and other factors also affect student 
retention. But these results are based on controls for 
high school achievement levels that usually are highly 
correlated with motivational differences and are thus 
more strongly suggestive. (See Hoffer, 1995, for details 
on these analyses.) 

The completion of advanced mathematics and science 
courses also appears to affect persistence in scientific, 
mathematical, or engineering (SME) majors in college. 
(See figure 1-25.) When students’ social and high school 
academic backgrounds are controlled, students who 
completed higher levels of high school science and 
mathematics are much more likely to persist in SME 
majors. Note that these comparisons are among students 
who planned *o major in an SME field and who actually 
enrolled in college in the fall after high school. 

The evidence is much weaker for positive effects on 
labor market outcomes of non-college-goers. Gamoran’s 
(1994) critical review of the research on this topic found 
some evidence that more rigorous academic programs 
of study in high school lead to higher rates of employ- 
ment, higher wages, or higher-status jobs. The effects of 
completion of advanced mathematics and science cours- 
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es on labor market outcomes are generally much weaker 
than the effects on students’ cognitive skills. Many of 
those skills, particularly the quantitative ones, are likely 
to be acquired in the individuals’ high school classes. 
One conclusion from this mixed body of research seems 
to be that the high school science and mathematics 
courses completed by non-college-goers are predictive of 
postsecondary labor market success only when the stu- 
dents’ cognitive skills are improved by their courses. 


College Instructors’ Views of Incoming 
Mathematics and Science Students’ High 
School Preparation in Science and 
Mathematics 


Techniques for teaching mathematics and quantitative 
reasoning vary greatly from country to country, but col- 
lege instructors generally believe that high school stu- 
dents do not receive adequate preparation in 
mathematics and quantitative reasoning before college. 
While the majority of faculty representing 10 countries 
around the world agree that undergraduate students are 
not prepared when they reach college, the degree to 
which they agree differs quite markedly. (See text table 
1-8.) In fact, of these 10 countries, the United States was 
least likely to perceive its students as adequately pre- 
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“High School Curriculum Differentiation and 
Postsecondary Outcomes.” in P.W. Cookson & B. Schneider (Eds.), 
ye Schools (New York: Garland Publishing, inc., 1995), 
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pared for college-level mathematics coursework. Only 15 
percent of the faculty in the United States believed their 
students were adequately prepared, while 39 percent of 
the faculty in Hong Kong, 37 percent of the faculty in 
South Korea, and 32 percent of the faculty in Sweden had 
similar perceptions. Close to one-fourth of the faculty in 
Russia, Mexico, Japan, and Chile believed that their stu- 
dents were prepared in mathematics and quantitative rea- 
soning, while less than 20 percent of the faculty in Israel 
and Australia perceived their students as prepared. 

Very often, however, students who are well prepared 
in mathematics tend to have poor written and oral com- 
munication skills. This phenomenon holds true in Hong 
Kong. While more than one-third of the faculty in Hong 
Kong believed that their students were prepared in 
mathematics, less than one-fifth perceived them to be 
prepared in written and oral communication. Chile and 
Israel had similar concerns, and only 20 percent of the 
faculty in the United States perceived their students 
were prepared in communication. About 30 percent of 
the faculty in Sweden, Russia, Mexico, and Japan indicat- 
ed that their students seemed prepared in written and 
oral communication, and nearly 60 percent of the faculty 
in South Korea had similar perceptions. 
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Text table 1-8. 
Percent of all faculty who say that undergraduates 
in their institutions are adequately prepared 
selected skilis, by type of skill and country: 1982 
and quantitative and oral 
Country reasoning communication 
Hong Kong ............. 38 19 
South Korea ............ 37 59 
tL ot ewan awich doin 32 32 
Dh cosetcenvesaves 27 26 
Mexico... ............ 23 24 
Mibe 6 céégnestenva 22 30 
its + «> os Vdkbiedwa wee 22 17 
EE a hence hon bok hae 19 15 
Ge becossteccbeaes 18 20 
United States............ 15 20 


NOTE: inctudes faculty of ail disciplines and departments 
SOURCE: FL. Bayer, P.G. Altbach, and M.J. Whitelaw, The Academic 


Profession An intemational Perspective (Princeton, NJ: The Camegio 
Foundation for the Advancement of Teaching, 1994). 
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Teachers and Teaching 


Teacher Awareness of National Science 
and Mathematics Standards 


Of all subject areas in the elementary and secondary 
curriculum, mathematics has been the most active in the 
effort to establish standards of what teachers should 
teach and what students should learn. The NCTM publi- 
cations, Curriculum and Evaluation Standards for School 
Mathematics (1989) and Professional Standards for 
Teaching Mathematics (1991), have been held up as 
models of disciplinary reform. The movement to define 
standards in science is somewhat more diffuse, with 
three major efforts setting forth recommendations for 
the goals and methods of elementary and secondary sci- 
ence. The first was the American Association for the 
Advancement of Science’s (AAAS) Project 2061, which 
defined the knowledge, skills, and attitudes that all ele- 
mentary and secondary students should acquire and the 
project report, Science for all Americans (Rutherford and 
Ahigren, 1990). The next efforts were NSTA’s publication 
of Scope, Sequence, and Coordination: The Content Core, 
and The National Research Council's (NRC) publication 
of National Science Education Standards in 1993. Despite 
the variety of organizations involved in science reform, 
there is substantial agreement among them as to what 
should be taught and how. 

Two surveys of science and mathematics teachers in 
1993 asked teachers about their familiarity with the 
reform recommendations. The National Survey of Science 
and Mathematics Education (NSSME) (Weiss, Matti, and 
Smith, 1994) surveyed a total of 6,120 science and mathe- 
matics teachers from 1,252 public and private elementary, 
middle, and high schools across the United States. A 
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much smaller survey of 612 mathematics and science 
teachers from 42 public high schools was conducted as 
part of the Longitudinal Study of American Youth (LSAY) 
(Miller, Hoffer, Brown, Pifer, and Nelson, 1993). 

According to these surveys, in the spring of 1993, 
many teachers were not aware of the standards and rec- 
ommendations presented in the publications listed 
above. The NSSME asked the mathematics teachers to 
indicate how familiar they were with the standards set 
forth in the two NCTM documents. High school mathe- 
matics teachers were more likely than their counterparts 
in the lower grades to be familiar with the recommenda- 
tions—56 percent of the grade 9-12 teachers felt “well 
aware” of the Curriculum and Evaluation Standards 
report, compared with 28 percent of grade 5-8 teachers, 
and only 18 percent of the grade 1-4 faculty. (See figure 
1-26.) 

These data indicate that mathematics teachers generally 
are less familiar with NCTM’s Professional Standards for 
Teaching report, which recommends innovative forms of 
classroom organization and pedagogy for mathematics. 
Elementary and middle school mathematics teachers were 
also less likely to report being “well aware” of these recom- 
mendations (12 percent and 19 percent, respectively) than 
were high school mathematics teachers (40 percent). 


The 1993 LSAY survey of public high school teachers 
asked teachers in both mathematics and science very 
similar questions. Fifty-eight percent of the mathematics 
teachers reported that “I have read or am aware of the 
recommendations in the [NCTM Curriculum and 
Evaluation] Standard.” This percentage closely matches 
with the NSSME data. The LSAY also asked science teach- 
ers if they were familiar with one or more of the science 
recommendations (NSTA, AAAS, or NRC). Forty-four per- 
cent indicated that they had read or were otherwise 
aware of at least one of these sets. Thus, it appears that at 
the time of the survey, the mathematics reform recom- 
mendations were gaining greater publicity than the sci- 
ence reforms at the high school level. The mathematics 
reforms were also more familiar to high school teachers 
than to elementary and middle school teachers. 


Characteristics of High School Science and 
Mathematics Departments 


The NCTM and NSTA reform proposals call most 
directly for changes in the content and delivery of 
instruction. These changes can be encouraged by the 
kind of training prospective and experience teachers 
receive in colleges and universities. However, even the 
best preparation of individual teachers will not translate 
into improved programs unless changes in school orga- 
nization are also effected. The typical organizational 
model is the “top-down” bureaucratic form of control, 
whereby decisions of what will be taught and how it will 
be taught are decided by state, district, or school admin- 
istrators. In contrast, a professional model of control 
allows teachers to decide on content and methods. Many 
observers believe that the professional model is essential 
to the effective implementation of the reform ideas. This 
is mainly because bureaucratic control is considered 
insufficiently flexible to adapt to the shifting exigencies 
of classrooms and the need to search constantly for 
more effective ideas and methods. What many advocate 
instead is an expanded role for the subject-area depart- 
ment as a problem-solving and monitoring mechanism 
and as a site for teachers’ professional development. 

Research directed toward describing and analyzing 
how secondary school subject-area departments work is 
just beginning. One research program being conducted 
at Stanford University, under the direction of Milbrey 
McLaughlin and Joan Talbert, has involved in-depth stud- 
ies of a diverse set of 16 high schools and their teachers. 
A second study, directed by Charles Bidwell, Anthony 
Bryk, and Barbara Schneider, is underway at the 
University of Chicago and National Opinion Research 
Center. This study builds on the LSAY survey to gather 
data about the extent of faculty professional ties, both 
within and across subject-area departments, and the con- 
sequences of those ties for student outcomes. 

Among the important findings of the Stanford project 
are that departments can be positive influences on the 
orientations and practices of many high school teachers, 


but that most teachers work in schools and departments 
that are not effective learning environments. In the 
absence of strong department- or school-based profes- 
sional communities, some teachers find professional 
communities in subject-area networks outside their 
schools (McLaughlin and Talbert, 1993; Talbert and 
McLaughlin, 1994). Findings from the Chicago study 
suggest that science and mathematics departments can 
encourage professional development and instructional 
reform, but that cohesive departments do not necessarily 
promote strong professional orientations. The orienta- 
tion of the departmental leadership appears to be espe- 
cially important in determining the direction of 
influence. Both studies conclude that mathematics and 
science departments that embrace the new standards for 
teaching and learning are powerful settings for teacher 
learning and educational change. 

One important dimension of subject-area departments 
was found through data collected in 1993 from the math- 
ematics and science teachers in the LSAY high schools. 
The data show that teachers generally have favorable 
perceptions of their departmental colleagues and chairs. 
However, the teachers vary substantially in their percep- 
tions of their department's leadership, the members’ per- 
formance expectations for students, cooperation among 
members, and consensus over goals. Mathematics and 
science teachers generally agree that their department 
chairperson “is interested in innovation and new ideas.” 
(See figure 1-27.) 


Figure 1-27. 
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Mathematics teachers tend to agree more strongly 
than science teachers that goals and priorities for their 
departments are clear. The lower clarity of goals and pri- 
orities reported by science teachers does not seem to 
reflect lower levels of cooperation or commitment to 
high standards of science teachers, compared with math- 
ematics teachers. (See figure 1-27.) These are almost 
identical in mathematics and science. Instead, what 
seems to account for the differences is the nature of the 
subject matter, at least as traditionally defined. 
Mathematics teachers are more likely to agree “that they 
make a conscious effort to coordinate the content of 
their courses with teachers in their department” and that 
“if another teacher took over their courses, the basic 
content would stay the same.” All of these departmental 
differences are likely tied to the fact that mathematics 
tends to be more sequential, with more standardized 
subject contents than the sciences. 

Some of these characteristics of high school depart- 
ments are related, albeit very modestly, to the teachers’ 
self-reported awareness of the reform proposals in their 
fields. (See text table 1-9.) As might be expected, teach- 
ers who report stronger agreement with the statement 
that their department chair is interested in innovation 
are more likely to report that they are aware of the 
reform recommendations in their field. Interestingly, 
science—but not mathematics—teachers who are aware 
of reforms tend also to agree more strongly that goals 
and priorities in their departments are clear. This may 


Mean vaiue of responses to questions about teachers’ perceptions of their departments: 
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4.57 
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Mean vaiue of response 


this department are clear 452 


in innovation 459 


2.79 
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4.95 
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MOTE: Level of agreement with teachers’ statements aboui their departments is measured on a 6-point scala, ranging from 1 = ‘strongly disagrees” 


to € = “strongly agree.” 


SOURCE: J.D. Miller, T.B. Hoffer, K.B. Brown, L. Pifer, and C. Nelson, Longitudinal! Study of American Youth: Base Year Through Year 5 Data 
CO-FOM and Documentation (Chicago: Chicago Academy of Sciences, 1993). 
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NOTES: The measures of teachers’ awareness is an ordinal scale, with 
levels 1 = “Not aware or sure-” 2 = “Yes, | have heard of these, but | 
Gon't know the specifics:” 3 = “Yes, | have read or arn aware of these 
recommendations.” Level of agreement with the statements about their 
departments is measured on a 6-point scale, ranging trom 1 a 


Gisagres” to 6 = “strongly * The garnma coefficients measure 

of the linear between ordinal measures and ranges 
from 0 (no association) to | (perfect linear association). 
SOURCE: J.D. Miler, 7.8. Hoffer, K.8., Brown, L. Piler, and C. Nelson, 
Study of American Youth: Base Year Through Year 5 Data 
and Documentation, special tabulations, 1993. 
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reflect some impact of the reforms; all of the recommen- 
dations in science call for greater integration of course 
goals across the traditional subdisciplinary boundaries. 
In addition to asking the teachers about their aware- 
ness of the reform recommendations, the 1993 LSAY sur- 
vey asked about the extent to which the reforms have 
changed the curriculum and teaching practices in the 
high school. It is reasonable to suppose that the extent to 


Text table 1-10. 
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which reforms are being followed, and the extent to which 
they are seen to be beneficial, would depend on the char- 
acteristics of the subject-area departments. Among teach- 
ers who reported that they were aware of the reform 
recommendations, there were moderately strong correla- 
tions between the chairperson’s interest in innovation and 
the teacher’s agreement with the statements about 
whether the science or mathematics program in the 
school had been modified in line with reform recommen- 
dations, whether the teachers were experimenting with 
recommended teaching techniques, and whether the 
department had benefited from the reform recommenda- 
tions. (See text table 1-10.) This correlation suggests that 
the chairperson’s leadership can be instrumental in gain- 
ing favorable outcomes from the reform efforts. Further 
research is needed to explore these relationships, but the 
data provide interesting indications about the links 
between departmental functioning and the teachers’ per- 
ceptions of the success of reform initiatives. 


Qualifications for Teaching 
Mathematics and Science 


The mathematics and science standards have brought 
forth increased interest in the preparation teachers 
receive in their fields. To give students a challenging 
learning environment and appropriate instruction for the 
development of valuable analytical skills, teachers them- 
selves must have a firm grasp of powerful scientific and 
mathematical concepts. The teachers’ educational back- 
ground, specifically whether they have an undergraduate 
or a graduate major in the field of instruction, is the most 


Correlations between high schoo! teachers’ reports about their departments and the extent to which they agree 


with statements about reform in their schools: 1993 


Teacher agrees that 
This school has Most Program has 
| have modified the teachers benefited 
with statements modified curriculum in line are following from 
his/her department Department my teaching with recommendations standards recommendations 

The department chair is Science ........... 0.12 "0.35 "0.35 "0.38 
interested in innovation Mathematics ....... *0.15 "0.22 "0.22 “0.28 
Goals and priorities for this Solence ........... 0.01 "0.21 "0.21 *0.22 
department are clear Mathematics ....... 0.08 "0.19 "0.24 *0.25 
The teachers in my department Science ........... 0.15 *0.19 "0.29 "0.25 
maintain high performance Mathematics ....... 0.02 **0.19 "0.24 0.16 
standards : 
There is a great deal of Science ........... 0.06 0.18 "0.21 0.24 
cooperative effort in my Mathematics ....... 0.01 "0.23 **0.20 0.11 
department 
* = p<0.05; “= p<0.01 


NOTE: Estimates are based on responses from 116 science teachers and 194 math teachers who indicated that they have read or are aware of the reform 


SOURCE: J.D. Miller, T.B. Hoffer, K.B. Brown, L. Pifer, and C. Nelson, Longitudinal Study of American Youth: Base Year Through Year 5 Data CD-ROM and 


Documentation, special tabulations, 1993. 
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widely used index of teachers’ understanding of and 
expertise in their field. 

Educational backgrounds of mathematics and science 
teachers vary directly, and quite dramatically, with the 
grade or grades taught. (See figure 1-28.) In 1993, less 
than 4 percent of elementary mathematics and science 
teachers had majored in mathematics or mathematics 
education, or science or science education. Although 
that figure is low, it is not surprising, considering that 
most elementary teachers teach all or most academic 
subjects, rather than specialize in science or mathemat- 
ics. However, middle school teachers—who typically do 
have specialized teaching assignments—also show high 
rates of out-of-field majors. Only 11 percent of middle 
school mathematics teachers had a mathematics or 
mathematics education major, while 21 percent of sci- 
ence teachers majored in science or science education. 
And although high school teachers are much more likely 
to have majored in their fields, a substantial number of 
these teachers had not. Thirty-seven percent of high 
school mathematics teachers did not have an undergrad- 
uate or a graduate major in mathematics or mathematics 
education, and 28 percent of high school science teach- 
ers did not major in science or science education. 


Percent of teachers 

100 
§§ Mathematics teachers [J Science teachers 
90 
80 
70 
60 
50 
40 
KY) 
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0 
14 5-8 9-12 
Grade range 


NOTE: “Field” includes any science or science education major for 
science teachers and any mathematics or mathematics education major 
for mathematics teachers. 

SOURCE: |.R. Weiss, MC. Matti, and P.S. Smith, Report of the 1993 
National Survey of Science and Mathematics Education (Chapel Hill, 
NC: Horizon Research, inc., 1994). 
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A similar pattern emerges in the numbers of college sci- 
ence courses completed by teachers in each grade range 
completed. (See figure 1-29.) Fifty percent of elementary 
school science teachers completed fewer than six semesters 
of college science. This compares with 28 percent of middle 
school science teachers and only 1 percent of high school 
science teachers. At the other end of the distribution, 28 per- 
cent of the high school science teachers had completed 
more than 20 college semester courses in their field, com- 
pared with 8 percent of the middle school science teachers 
and 1 percent of the elementary science teachers. 

The NSSME survey also asked the mathematics and 
science teachers to evaluate themselves in terms of how 
well prepared they felt they were to cope with various 
instructional tasks. A substantial proportion of teachers 
felt less than well prepared for most instructional tasks. 
(See figures 1-30 and 1-31.) Almost all mathematics 
teachers at all levels felt well prepared to present applica- 
tions of mathematical concepts, but a large number of 
high school teachers did not feel well prepared to use 
manipulatives, cooperative groups, and computers, and 
to teach students from a variety of cultures and students 
with learning disabilities. (See figure 1-30.) Although the 


Figure 1-29. 

Percentage of science teachers completing 
different numbers of semesters of college 
science coursework, by grade range: 1993 
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NOTE: The highest number of semesters a teacher could indicate for 
each of the four categories—iite science, chemistry, physice/ 
physical science, and earth/space science—was “8", therefore these 
figures underestimate the total for any teacher who completed more 
than eight courses in a particular category. 


SOURCE: |.R. Weiss, M.C. Matti, and P_S. Smith, Report of the 1993 
National Survey of Science and Mathematics Education (Chapel Hill, 
NC: Horizon Research, inc., 1994). 
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SOURCE: |.R. Weiss, MC. Matti, and P._S. Smith, Report of the 1993 
Nationa! Survey of Science and Mathematics Education (Chapel! Hill. 
NC. Horizon Research, inc., 1994) 
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use of calculators in elementary education is recom- 
mended by the NCTM standards, only 55 percent of the 
elementary teachers felt prepared to incorporate calcula- 
tors as an integral part of their classes. 

Similar patterns exist for the science teachers. (See 
figure 1-31.) One noteworthy exception is that, of the 
three grade ranges, the high school science teachers felt 
most comfortable with hands-on work, while elementary 
teachers felt the least prepared. This is the reverse of the 
pattern among mathematics teachers in the use of 
manipulatives. Significantly, only 40 percent of high 
school science teachers and 31 percent of the middle 
school science teachers felt well prepared to use comput- 
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SOURCE: |.R. Weiss, M.C. Matti, and P._S. Smith, Report of the 1993 
National Survey of Science and Mathematics Education (Chapel Hill, 
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ers as part of science instruction. If the recommenda- 
tions of the reform proposals to use computers for teach- 
ing scientific research are realized, then, it is clear that 
great effort is needed to prepare science teachers for 
that instructional role 


Qualifications, Experience, 
and Student Achievement 


Teacher education credentials and years of experience 
are widely used in determining salary and assignments 
Based on his review of several studies of the relation- 


ships between teacher characteristics and student out- 
comes, Hanushek (1989) concluded that teacher 


Vit 
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education and experience have no effect on student 
achievement. However, a critical reanalysis of 
Hanushek’s review by Hedges, Laine, and Greenwald 
(1994) has disputed these results and the methods by 
which they were derived. Based on their reanalysis, the 
authors concluded that teacher experience does, in fact, 
have a significant positive effect on student achievement, 
but that teacher education does not have any significant 
effect. 

Although teacher education generally has not shown 
any positive effect on student achievement, some short- 
comings have been identified in how teacher education 
is typically measured (Monk, 1994). Teacher education 
has usually been measured in terms of the teacher's edu- 
cational attainment (bachelor’s, master’s, or doctoral 
degree). But recent research suggests that more specific 
measures of the teachers’ educational backgrounds, par- 
ticularly the numbers of college courses teachers have 
completed in the subjects they teach, may have a signifi- 
cant positive effect on student learning (Chaney, 1995). 


Recent Training 


In-service education and college coursework serve as 
valuable links between advances in a field and teachers’ 
growth and progress in that field. To keep up to date 
with new teaching techniques and instructional meth- 
ods, teachers are offered workshops periodically 
throughout the year. Also, evening and summer college 
courses in education and specific teaching disciplines 


Figure 1-32. 
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are available to teachers who wish to attend. Because the 
time teachers spend on in-service education and 
advanced college coursework may have a direct relation- 
ship with the effectiveness of their instructional prac- 
tices, it serves as yet another measure by which teacher 
preparation may be evaluated. 

Between 1986 and 1993, the percentage of teachers 
participating in in-service education increased substan- 
tially. (See figure 1-32.) While only 65 percent of grade 
10 to 12 mathematics teachers had some type of in-ser- 
vice education in 1986, more than 80 percent did in 1993. 
(See text table 1-11.) However, despite the increase over 
this 6-year period, in 1993 many teachers still did not 
spend a substantial amount of time in in-service educa- 
tion. Even among high school mathematics and science 
teachers—many of whom are specialists in their field— 
only one-half spent 6 or more hours on in-service educa- 
tion during 1993. 

The amount of time high school mathematics teachers 
spend on in-service education varies substantially. 
Mathematics teachers who do not teach advanced class- 
es, and who, in many cases, may be more in need of in- 
service education as a means of strengthening content 
knowledge, are less likely to receive it. In 1993, high 
school teachers who did not teach any advanced mathe- 
matics courses were more likely to have spent no time 
on in-service education during the previous 3 years than 
teachers teaching one or more advanced courses. (See 
figure 1-33.) Furthermore, 63 percent of the high school 
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Text table 1-11. 


Amount of time science and mathematics teachers spent on science or mathematics in-service education in the 


past 3 years, by subject of class taught and grade range: 1993 
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_Graderange 
Subject of class taught Amount of time 14 5-8 9-12 
Science ey re 26 (2.8) 17 (1.9) 12 (1.5) 
Fewer than6hours ............. 30 (1.8) 22 (2.6) 14 (1.8) 
6-15 hours... cece 22 (2.1) 27 (4.2) 18 (3.0) 
16-35 hours... cece eee 14 (1.9) 14 (2.8) 19 (1.4) 
More than 35 hours ................. 9 (1.8) 20 (2.4) 38 (3.1) 
Mathematics I tin tice etna genhesesesesetes 17 (1.5) 15 (1.5) 10 (1.8) 
Fewer than6hours ................. 22 (2.0) 22 (3.5) 14 (2.8) 
6-15 Whours... ccc 29 (2.4) 23 (2.5) 21 (1.8) 
16-35 hours... cee 18 (2.4) 24 (2.5) 24 (2.6) 
More than 35 hours ................. 15 (2.0) 17 (2.0) 31 (2.5) 


NOTE: Standard errors appear in parentheses. 


SOURCE: |.R. Weiss, M.C. Matti, and PS. Smith, Report of the 1993 National Survey of Science and Mathematics Education (Chapel Hill, NC: Horizon 


Research, inc., 1994). 


Figure 1-33. 
Amount of time high school mathematics teachers 
spent on mathematics in-service education in the 


past 3 years, by teaching assignment: 1993 
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mathematics teachers teaching one or more advanced 
courses spent 16 hours or more on in-service education, 
compared with only 44 percent of those teaching no 
advanced courses. 

Recent college coursework in mathematics or science 
is also strongly related to the grade level taught. (See text 
table 1-12.) As shown, elementary mathematics and sci- 
ence teachers are more likely than middle and high 
school teachers to have taken their most recent college 
course prior to 1983. Likewise, high school mathematics 
and science teache’s are more likely than elementary and 
middle school teachers to have taken their most recent 
course in their field between 1989 and 1993. Although 
these numbers do not take into account how recently the 
teachers graduated from college, they do reflect an indica- 
tion that high school mathematics and science teachers 
are more continually enrolled in college courses within 
their field than their counterparts in lower grades. 


Conclusion 


The findings of recent studies reviewed in this chapter 
show several positive trends and reasons for optimism 
about the future of science and mathematics education at 
the precollegiate levels. Aggregate achievement levels 
show small but steady increases in both subjects, and the 
gaps between racial and ethnic groups have diminished 
over the last decade. These gains coincide with dramatic 
increases in the rates at which high school students are 
completing courses in the main content areas of the 
mathematics and science curricula: algebra, geometry, 
trigonometry, biology, chemistry, and physics. Data from 
the NELS:88 survey confirm that students who complete 
more of these courses do better on standardized tests of 
mathematics and science achievement. In addition, when 
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Text table 1-12. 
Mathematics teachers’ most recent college coursework in field: 1993 
Grade range 
Subject and year 14 5-8 o-12 
Percent of teachers 
Science or science education 
Di nteneenndiedeeecnendesse6uneshestesseeonteces 26 (3.0) 41 (28) 55 (3.2) 
NE 0 00500900bn bene hoses eseesnsesereeseaenece 20 (2.1) 18 (1.6) 21 (1.5) 
Prior to 1983 2 ccc eee ene nees 53 (2.5) 41 (3.0) 24 (3.8) 
Mathematics or mathematics education 
DD nads660060eensecaaeeneseeosceensesesceecncess 38 (2.6) 44 (3.3) 45 (2.2) 
ee rr 22 (1.9) 20 (3.1) 24 (2.7) 
EE ee 40 (2.3) 3% (3.8) 31 (1.8) 


NOTE. Standard errors appear in parentheses. 


SOURCE: |.R. Weiss, MC. Matti, and P_S. Smith, Report of the 1993 National Survey of Science arid Mathematics Education (Chapel Hill, NC: Horizon 


Research, inc., 1994). 


high school students are followed up after graduation, 
national data show that students who completed higher 
levels of mathematics and science in high school are 
more likely to survive in college, once enrolled. 
Researchers do not yet have a clear sense of why test 
scores have increased and why participation in the math- 
ematics and science curricula have soared over the past 
decade or so. Clearly, this has been a period of consider- 
able ferment in the mathematics and science profession- 
al educational communities. The leading professional 
associations of science and mathematics teachers have 
developed curriculum, evaluation, and instruction stan- 
dards, and these are reaching substantial segments of 
the secondary and elementary teaching workforces. 
State and local educational authorities have also been 
actively involved, most consistently in the area of high 
school graduation requirements, but also in the defini- 
tion of curriculum and evaluation standards. But these 
factors are not quite the whole story. As this chapter has 
shown, most teachers are not thoroughly familiar with 
the reform recommendations of their professional asso- 
ciations. And while states, districts, and schools are 
requiring more mathematics and science courses for stu- 
dents to graduate, much of the growth in coursetaking 
has been in subjects that graduation requirements are 
not likely to affect, such as chemistry and trigonometry. 
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Nor are the leading indicators wholly positive. While 
racial and ethnic achievement gaps have diminished, 
they remain enormous. This is particularly true at the 
more advanced levels of mastery, which are, of course, 
the most crucial for college entry and success and for 
associated post-collegiate professional opportunities. 
Another cause for concern is the apparent disparity 
between the achievement trends and the mathematics 
and science course-completion trends reported here. 
Achievement levels have increased slightly, while 
coursetaking has increased greatly. This suggests that 
students may be getting less out of courses that are nom- 
inally the same. Also, while many teachers are familiar 
with reform proposals, most are not. Perhaps more 
importantly, a substantial number of mathematics and 
science teachers continue to lack solid collegiate or 
graduate training in their fields. 

These shortcomings and areas of ambiguity are impor- 
tant lines for further research. That research should not, 
however, be confined to national overviews. The national 
data are useful in drawing attention to general problems, 
but state and local inquiries are needed to determine, 
first, whether a national problem holds in the particular 
state or locality and, second, how the problem developed 
at that level and how it might be redressed by those ulti- 
mately responsible for it. 


Science & Engineering indicators — 1996 


Bayer, E.L., P.G. Altbach, and MJ. Whitelaw. 1994. The 
Academic Profession: An International Perspective. 
Princeton, NJ: The Carnegie Foundation for the 
Advancement of Tr sching. 

Blake, J. 1989. “an.ity Size and Achievement. Berkeley, 
CA: University . f California Press. 

Rybee, R.W., F. Lawrenz, and R. Rodriguez. 1994. 
Science: Measuring U.S. Students’ Success. Washington, 
DC: National Science Foundation. 

Chaney, B. 1995. Teachers’ Academic Backgrounds and 
Student Outcomes in Science and Mathematics. 
Arlington, VA: National Science Foundation. 

Division of Research, Evaluation, and Communication, 
Directorate for Education and Human Resources. 
Forthcoming. Indicators of Science and Mathematics 
Education 1995. Arlington, VA: National Science 
Foundation. 

Dossey, J.A., P.B. Duckett, and G. Lappan. 1994. 
Mathematics: How Do U.S. Students Measure Up? 
Washington, DC: National Science Foundation. 

Gamoran, A. 1994. The Impact of Academic Course Work 
on Labor Market Outcomes for Youth Who Do Not 
Attend College: A Research Review. Paper prepared for 
the National Assessment of Vocational Education. 

Grissmer, D.W., S.N. Kirby, M. Berends, and S. 
Williamson. 1994. Student Achievement and the 
Changing American Family. Santa Monica, CA: 
RAND Corporation. 

Hamilton, L.S., E.M. Nussbaum, H. Kupermintz, J.1.M. 
Kerkhoven, and R.E. Snow. 1995. “Enhancing the 
Validity and Usefulness of Large-scale Educational 
Assessments: II. NELS:88 Science Achievement.” 
American Educational Research Journal 32(3): 5-14. 


Hanushek, E.A. 1989. “The Impact of Differential 
Expenditures on School Performance.” Educational 
Researcher 18: 45-51. 


Hedges, L.V., R.D. Laine, and R. Greenwald. 1994. “Does 
Money Matter? A Meta-Analysis of Studies of the 
Effects of Differential School Inputs on Student 
Outcomes.” Educational Researcher 23(3): 5-14. 


Hoffer, T.B. 1995. “High School Curriculum Differ- 
entiation and Postsecondary Outcomes.” pp. 371-402 
in Cookson, P.W., and Schneider, B. (Eds.) Trans- 
forming Schools. New York: Garland Publishing, Inc. 

Hoffer, T.B., and W. Moore. 1995. High School Seniors’ 
Instructional Experiences in Science and Mathematics. 
Washington, DC: National Center for Education 
Statistics (NCES 95-278). 


¢ 1-35 


Hoffer, T.B., K.A. Rasinski, and W. Moore. 1995. Social 
Background Differences in High School Mathematics 
and Science Coursetaking and Achievement. Wash- 
ington, DC: National Center for Education Statistics 
(NCES 95-206). 

Horn, L., A. Hafner, and J. Owings. 1992. A Profile of 
American Eighth-grade Mathematics and Science 
Instruction. Washington, DC: National Center for 
Education Statistics. 

Ingels, SJ., K.L. Dowd, J.D. Baldridge, J.L. Stipe, V.H. 
Bartot, and M.R. Frankel. 1995. NELS:88 Second 
Follow-Up: Student ComponentData File User's 
Manual. Washington, DC: National Center for 
Education Statistics (NCES 94-374). 

Jones, L.R., LV.S. Mullis, S.A. Raizen, LR. Weiss, and 
E.A. Weston. 1993. The 1990 Science Report Card: 
NAEP’s Assessment of Fourth, Eighth, and Twelfth 
Graders. Washington, DC: National Center for 
Education Statistics. 

Kupermintz, H., M.M. Ennis, L.S. Hamilton, J.E. Talbert, 
and R.E. Snow. 1995. “Enhancing the Validity and 
Usefulness of Large-scale Educational Assessments: I. 
NELS:88 Mathematics Achievement.” American 
Educational Research Journal 32(3): 525-554. 


Legum, S., N. Caldwell, H. Goksel, J. Haynes, C. 
Hynson, K. Rust, and N. Blecher. 1993. The 1990 High 
School Transcript Study Tabulations: Comparative 
Data on Credits Earned and Demographics for 1990, 
1987, and 1982 High School Graduates. Washington, 
DC: National Center for Education Statistics (NCES 
93-423). 


McLanahan, S., and G. Sandefur. 1994. Growing '/p with 
a Single Parent: What Hurts, What Helps. Cambridye, 
MA: Harvard University Press. 

McLaughlin, M.W., and J.E. Talbert. 1993. Contexts that 
Matter for Teaching and Learning. Stanford, CA: 


Center for Research on the Context of Secondary 
School Teaching. 


Miller, J.D., T.B. Hoffer, K.B. Brown, L. Pifer, and C. 
Nelson. 1993. Longitudinal Study of American Youth: 
Base Year through Year 5 Data CD-ROM and 
Documentation. Chicago: Chicago Academy of 

Monk, D.H. 1994. “S«bject Area Preparation of 
Secondary Mathe:natics and Science Teachers and 
Student Achievemen! ” © nomics of Education Review 
13(2): 125-145. 

Mullis, L.V.S., J.A. Dossey, J.R. Campbell, C.A. Gentile, 
C. O'Sullivan, and A.S. Latham. 1994. NAEP 1992 


Trends in Academic Progress. Washington, DC: 
National Center for Education Statistics. 


National Center for Education Statistics. 1993. Data 
Compendium for the NAEP 1992 Mathematics 
Assessment of the Nation and the States. Washington, 
DC: National Center for Education Statistics (NCES: 
23-ST04). 

National Council of Teachers of Mathematics. 1989. 
Curriculum and Evaluation Standards for School 


Mathematics. Reston, VA: National Council of 
Teachers of Mathematics. 


. 1991. Professional Standards for Teaching Mathe- 
matics. Reston, VA: National Council of Teachers of 
Mathematics. 

National Science Board. 1993. Science and Engineering 
Indicators—1993. Washington, DC: U.S. Government 
Printing Office (NSB 93-1). 

National Science Teachers Association. 1992. Scope, 


Sequence, and Coordination: Content Core. Wash- 
ington, DC: National Science Teachers Association. 


Oakes, J. 1990. Multiplying Inequalities. Santa Monica, 
CA: RAND Corporation. 


Rock, D., and J. Pollack. 1995. Mathematics Course- 
Taking and Gains in Mathematics Achievement. 
Washington, DC: National Center for Education 
Statistics (NCES 95-714). 


Rutherford, J.F., and A. Ahigren. 1990. Science for All 
Americans. New York: Oxford University Press. 


Smith, T.M., G.T. Rogers, N. Alsalam, M. Perie, R.P. 
Mahoney, and V. Martin. 1994. The Condition of 
Education 1994. Washington, DC: National Center for 
Education Statistics (NCES 94-149). 


Talbert, J.E., and M.W. McLaughlin. 1994. “Teacher 
Professionalism in Local School Contexts.” American 
Journal of Education 102: 123-153. 

U.S. Bureau of the Census. 1994. Statistical Abstract of 
the United States: 1994. Washington, DC: Government 

Weiss, I., M.C. Matti, and P.S. Smith. 1994. Report of the 
1993 National Survey of Science and Mathematics 
Education. Chapel Hill, NC: Horizon Research, Inc. 


Chapter 2 
Higher Education 
in Science and Engineering 


CONTENTS 
SED 60:6 065. 06:4645 044040040641 54 5086 EN KOS RO Oh See ESE 2-2 
Introduction ...... 2... cee eee eee 2-4 
Chapter Background ....... 2.2.2.2... 00. c cece cece cece .. 24 
Chapter Organization ......- 0... 0. cee eee eee 2-4 
Global Diffusion of Science and Engineering Education ......... 2-4 
First University Degrees. .... 2... 2... ce eee eee 2-4 
Demographic Changes. ...............0c cece cece cecceceeee 2-5 
International Comparison of Science and Engineering 
SY WE, og 0-5 bbb beh0.0:66 6466 b4 006 ess 4406046444488 2-5 
Participation Rates in Higher Education and Science 
and Engineering Degrees ............0.0...000 0c cece eee eeeee 2-5 
The International Faculty Survey ...............0....00.0000005. 2-6 
Characteristics of U.S. Higher Education Institutions ............ 26 
Bachelor's Degree Level... . 2.0.0.0... 00... e eee ees 2-7 
Master’s Degree Level ........... 0.0... ccc cece eee eee eeeees 2-7 
Doctorai Degree Level .. 0... ccc ce eee eee eee e en 2-7 
Carnegie Classification of Academic Institutions .................. 2-9 
Undergraduate Science and Engineering Students and Degrees .. 2-9 
Recent Trends in College Enrollments .....................005. 2-9 
Engineering Enrollments .... 2.0.0.0... 000000000 cucu ue euuucues 2-9 
Characteristics of Amer’~.n College Freshmen ................. 2-11 
Associate Degrees in Sc.ence and Engineering ................. 2-12 
Associate Degrees by Race/Ethnicity.....................045. 2-13 
Bachelor’s Degrees in Science and Engineering................. 2-13 
Technical Education in Germany, France, Japan, and South Korea . . . 2-14 
U.S. Higher Education Faculty... 2.0 cc eee 2-16 
Graduate Science and Engineering Students and Degrees ...... 2-17 
Trends in Graduate Enrollment ............0.0.0..000000000 eee 2-17 
Master’s Degrees in Science and Engineering .................. 2-18 
Doctoral Programs in the United States ....................0.. 2-19 
Worldwide Doctoral Reforms and Comparison of Degrees......... 2-20 
International Comparisons of Foreign Students ................. 2-23 
Major Sources of Financial Support.......................... 2-30 
Support for Overall Graduate Students in Science 
and Engineering Fields ............0.00 000 c ccc cece ee eee ees 2-30 
Sources of Support for Foreign Students in the United States....... 2-32 


I oc cco avo b0 56s 60nd sda web es bent ikaernseessneees 2-33 


Chapter 2. Higher Education in Science and Engineering 


HIGHLIGHTS 


(SLOBAL DIFFUSION OF SCIENCE 
AND ENGINEERING EDUCATION 


@ From 1975 to 1992, higher education in sci- 


@ U.S. higher education institutions awarded 
more than 2 million degrees, one-quarter of 
which were in S&E fields. The majority of these 
S&E degrees were earned at the bachelor’s level. The 


ence and engineering (S&E) expanded rapidly 
in several world regions. Ky 1992, more than | mil- 
lion students successfully completed their first uni- 
versity degrees in natural sciences or engineering 
(NS&E) in selected countries in Asia, Europe, and 
North America. The total number of NS&E degrees 
awarded in Europe and North America in 1992 
almost equaled the total number of NS&E degrees 
awarded in six Asian countries: China, India, Japan, 
Singapore, South Korea, and Taiwan. 


@ The size of the -ollege-age population declined 


in the industrialized countries of Western 
Europe, Asia, and North America. This demo- 
graphic trend did not result in a decline in the num- 
ber of NS&E degrees awarded in Europe or Asia. 
However, such a decline did occur in the United 
States. Participation rates in university education, and 
in the number of NS&E degrees awarded in particular, 
have increased among European and Asian countries, 
which more than offset the declining population. 


The United States remains one of the leading 
countries in the world in its creation of a sys- 
tem of higher education that reaches a broad 
cross section of citizens. The ratio of total bache- 
lor’s degrees to the 24-year-old population reached 
31 percent in the United States in 1992. Although 
access to higher education has greatly expanded in 
European countries during the past 20 years, the 
ratio of university degrees to their college-age popu- 
lations still do not exceed 10 to 20 percent. However, 
compared with other countries, a relatively small 
percentage of U.S. college students major in NS&E 
fields. The ratio of NS&E degrees to the U.S. college- 
age population in 1992 was only 4.6 percent. For sev- 
eral major European and Asian countries (Germany, 
the United Kingdom, Japan, and South Korea), the 
ratios of NS&E degrees to college-age population 
reached 5 and 6 percent. 


largest proportions of these S&E baccalaureates con- 
tinue to be awarded by research and doctorate-grant- 
ing institutions. Taken together, these institutions 
account for more than 50 percent of the bachelor’s 
degrees awarded in the natural sciences and 80 per- 
cent of the eugineering degrees. 


UNDERGRADUATE STUDENTS AND DEGREES 


¢ Minority students are becoming more interest- 


ed in S&E majors. By 1994, underrepresented 
minorities, especially women in these groups, 
accounted for a substantial portion of the freshmen 
planning to major in physical sciences (15 percent), 
biological fields (16 percent), social sciences (20 per- 
cent), and engineering (18 percent). 


@¢ The number of S&E degrees awarded at the 


bachelor’s level increased during 1989 to 
1993, at a 3-percent annual growth rate, mostly 
because greater numbers of students are choos- 
ing to major in natural sciences and social sci- 
ences. The number of degrees awarded in 
engineering, mathematics, and computer sciences 
has leveled off after several years of decline. 


GRADUATE STUDENTS AND DEGREES 


@ Graduate enrollment of women and minorities 


accelerated in the 1990s. By 1993, women repre- 
sented 38 percent and 15 percent, respectively, of all 
graduate students in natural sciences and engineer- 
ing. The large increases in graduate enrollments of 
minority students, however, are from a low base. 
Minority student representation, with respect to total 
S&E graduate student enrollment, increased by 1 per- 
cent, from 6.3 percent in 1991 to 7.3 percent in 1993. 


Doctoral degree production has continued to in- 
crease in S&E fields since 1985. The number of 
doctoral S&E degrees awarded, which was level at 
about 18,000 degi ees from 1975 to 1985, increased to 


CHARACTERISTICS OF U.S. HIGHER 


EDUCATION INSTITUTIONS 25,000 by 1993. However, the number of these 


degrees obtained by U.S. citizens increased only 
slightly. The ratio of doctoral degrees earned by U.S. 
citizens to the 29-year-old U.S. population was about 
0.4 percent in 1993. 


@ In 1993, there were 3,611 (1,566 public and 
2,045 private) institutions of higher education 
in the United States. These institutions enrolled 
14.7 million students in that year, more than double 
the number enrolled in higher education in 1967. 
Two-year colleges experienced the highest growth 
rates in student enrollments. 
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@ The European region produces more NS&E doc- 


toral degrees than both North America and 
Asia. In 1991, European countries for which data 
were available produced more than 25,000 NS&E doc- 
toral degrees, which was 20 percent more than North 
American NS&E doctoral degree production and dou- 
ble Asian NS&E doctoral degree production. 


Other countries also educate a considerable 
number of foreign students. In 1993, foreign stu- 
dents obtained 40 percent of the NS&E doctoral 
degrees awarded in Japan. In France, foreign students 
earned one out of three doctoral degrees in all fields of 
science. Foreign students also earned one-half of the 
engineering and social science doctoral degrees, and 
more than one-quarter of the natural science doctoral 
degrees awarded in the United Kingdom. 


FOREIGN STUDENTS IN U.S. GRADUATE SCHOOLS 


@ Foreign students have accounted for a steadily 


increasing proportion of doctoral degrees 
awarded in S&E fields. By 1993, foreign students 
on temporary visas obtained 44 percent of the mathe- 
matics and computer science doctoral degrees and 
50 percent of the engineering doctoral degrees. In 
that same year, total doctoral degrees earned by non- 
U.S. citizens, including both permanent residents and 
foreign students on temporary visas, reached 57 per- 
cent in engineering fields and 47 percent in mathe- 
matics and computer science. 


@ About 30 percent of foreign students earning 


S&E doctoral degrees receive firm offers to 
remain in the United States. Of the 8,000 foreign 
doctoral recipients in 1993, about 400, or 5 percent, 
received firm offers for academic employment; almost 
500, or 6 percent, received firm offers for industrial 
employment; and a larger group, almost 1,500, or 18 
percent, obtained a postdoctoral research appoint- 
ment for 1 year. 


@ Fewer foreign students are entering U.S. univer- 


sities for advanced training in S&E fields. After a 
decade-long steady increase, the percent of graduate 
enrollment of foreign students decreased by 4 per- 
cent each year in 1993 and 1994, mainly in engineer- 
ing and computer science. Foreign students 
currently represent slightly fewer than one-third of 
graduate students in engineering. 


MAJOR SOURCES OF FINANCIAL SUPPORT 


@ Research assistantships are still the dominant 


mechanism of support for S&E graduate stu- 
dents. In 1993, almost 90,000 students, representing 
27 percent of all graduate S&E students, received 
their primary support from research assistantships. 
About one-half relied on Federal sources; the other 
half relied on nonfederal sources. These assis- 
tantships are particularly significant in the support of 
graduate students in fields of physical sciences, geo- 
sciences, biological sciences, and engineering. The 
long-term trend of a 5-percent annual growth rate in 
the numbers of these assistantships being offered 
continued until 1992. From 1992 to 1993, however, 
the growth rate was less than 1 percent. 


Non-U.S. sources account for the majority of fund- 
ing support for foreign students at all levels of 
higher education. In 1993, two-thirds of the foreign 
students in the United States cited their families as 
their primary source of support; 7 percent of funding 
came from their home governments, universities, and 
foreign private sponsors. U.S. sources are the primary 
funding support for 25 percent of foreign students. 


U.S. sources are the primary funding mecha- 
nism for almost 80 percent of all foreign S&E 
students at the doctoral level. More than three- 
quarters of foreign S&E doctoral students receive 
their primary funding support in the form of either 
research assistantships, teaching assistantships, or 
university fellowships. Only 3 percent of their fund- 
ing comes from Federal fellowships or traineeships. 


introduction 


Chapter Background 


This chapter discusses recent trends in higher educa- 
tion among U.S. institutions and some emerging changes 
in those trends. Underlying these trends and the 
changes are several demographic, institutional, and 
international factors. The changing makeup of the popu- 
lation and the impact of a variety of individual, organiza- 
tional, and governmental decisions are creating new 
issues and opportunities that present challenges to high- 
er education institutions. Changes in national and global 
industrial organizations provide additional challenges, 
and the global diffusion of scientific and engineering 
knowledge conditions the way higher education address- 
es these challenges. 


Chapter Organization 


This chapter begins with a global overview of the insti- 
tutional and demographic conditions that are emerging 
in different regions of the world and their impact on first 
university degrees and participation rates in science and 
engineering degrees. Then current U.S. data on higher 
education are discussed and contrasted with doctoral 
and foreign student data from other regions of the world, 
particularly Asia and Europe. 


Global Diffusion of Science 
and Engineering Education 


First University Degrees’ 


One indicator of the global diffusion of science and 
engineering (S&E) knowledge and skills is the rapid 
expansion of higher education in several world regions. 
Data available on selected countries in Asia, Europe, and 
North America show dramatic growth in the number of 
students completing higher education in S&E fields? | 
the period between 1975 and 1992. In 1992, more than 
million students successfully completed their first un: 
versity degrees in the natural sciences or engineering 
(NS&E). That year, the number of NS&E degrees award- 
ed in Europe and North America combined approximate- 
ly equaled the number of similar degrees 3» .rded in six 
Asian countries. (See text table 2-1.) 

Among the six Asian countries studied, growth rates 
in the annual production of NS&E degrees from 1975 to 
1992 have been highest in South Korea and Singapore (9 
percent). Growth rates in Japan and India during this 


‘Data in this section are primarily taken from the Science Resources 
Studies Division, National Science Foundation, Global Database on 
Human Resources for Science and Engineering. 

Note that, in these international comparisons, the natural sciences 
include the mathematical and computer, as well as the biological, agri- 
cultural, earth, atmospheric, oceanographic, and physical sciences. 
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Fieid Asia Europe America 

All first university 

degrees.......... 1,725,323 1,004,493 1,412,662 

Natural sciences & 

engineering ....... 523,651 299,057 242,877 
Natural sciences... 242.879 140,126 133,918 
Engineering ...... 280,772 158,931 108,959 

Social sciences . 236,018 116,353 218,026 


NOTES: The requirements for first university degrees in S&E fields are 
not comparable across or even within the countries included in these 
three regions, particularly for European universities. For example, 
Germany submits both the university degrees (with an average duration 
of 7 years) and the Fachhochschulen degrees (polytechnics of 4.5 
years average duration) as first university degrees (level 6 in UNESCO 
Classification). Work has been underway for several years at UNESCO, 
EUROSTAT, and the U.S. Department of Education to refine the levels of 
higher education for better comparability across countries. See for 
example, Mapping the Worid of Education: The Comparative Database 
System (CDS), (Washington, DC: U.S. Department of Education and The 
National Science Foundation, 1994). A mew UNESCO survey will be 
designed and implemented by the end of this decade for better harmo- 
nization of degree data across countries. 

See appendix table 2-1 for countries in each region. 
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period were lower (2 and 3 percent, respectively). (The 
higher education systems in both countries grew dra- 
matically in the 1950s.) The newly emerging economies 
of Asia have invested heavily in higher education, partic- 
ularly in fields of NS&E, to advance their technological 
capacity further. China’s highly developed university sys- 
tem, which was temporarily dismantled during the 
Cultural Revolution, is now producing the largest num- 
ber of engineering degrees in the Asian region, more 
nan 120,000 in 1992, with an annual growth rate of 6 per- 
cent (SRS, 1993b). 

Higher education also has expanded dramatically in 
Europe since 1975, particularly in S&E. This expansion 
of higher education is an important part of, and the 
underpinnings for, a broader effort to revitalize Europe 
through the European Union. Until relatively recently, 
university education in Europe was lengthy, research 
oriented, and reserved for an extremely elite group of 
scholars who had successfully completed a rigorous aca- 
demic high school track. In the 1960s, the accelerated 
pace of economic development created a demand for 
more skilled labor, and the expansion of the middle class 
caused a great demand for higher education. 
Governments in Europe responded to these pressures 
by forming the so-called nonuniversity tertiary-level insti- 
tutions, such as the Jmstituts Universitaires de 
Technologie in France in 1966, polytechnics in the United 
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Kingdom in 1969, and the Fachhochschulen* in Germany 
in 1971. These institutions increased the small number 
of students in higher education, helping to alleviate the 
serious shortage of trained workers (SRS, forthcoming). 

Collectively, the Western European countries more 
than doubled their annual pruduction of first university 
NS&E degrees between 1975 and 1991. (See appendix 
table 2-1 for countries included.) The number of natural 
science degrees increased from approximately 54,000 in 
1975 to 108,000 in 1991. The number of engineering 
degree s awarded rose from 51,000 in 1975 to 106,000 in 
1991. These data represent a 4.5 percent average annual 
rate of increase in the natural sciences and a 5.0 percent 
rate of increase for engineering (SRS, forthcoming). 


Demographic Changes 


In the 1980s, the size (in absolute numbers) of the col- 
lege-age population began to decline in the industrialized 
countries of Western Europe, Asia, and the United States. 
In Western Europe, the number of 20- to 24-year-olds 
decreased by 3 million between 1990 and 1995. This trend 
is expected to continue until 2005. The population of 20- to 
24-year-olds has decreased in the United Kingdom since 
1985 and in Finland since 1975 (SRS, forthcoming). Japan, 
Singapore, South Korea, and Taiwan also have declining 
college-age populations. China and India, however, have 
increasing populations. By the end of the decade, the col- 
lege-age population in China will reach 100 million and in 
India, 88 million (SRS, 1993b). 


International Comparison of Science 
and Engineering Degree Trends 


In the United States, the decline in the 20- to 24-year-old 
age group has been mirrored by a decline in NS&E 
degrees awarded, from 207,902 in 1986 to 173,099 in 1992. 
However, the declining pool of college-age students in 
Europe has not resulted in declining numbers of NS&E 
degrees. Participation rates in university education, and in 
NS&E degrees in particular, have increased to the extent 
that they more than offset the declining population. For 
example, Germany has continued to increase the output 
of S&E degrees awarded despite a declining pool of stu- 
dents since 1985. First university S&E degrees awarded in 
Germany (includes Fachhochschulen) increased from 
99,000 in 1975 to 106,000 in 1992 (SRS, forthcoming). The 
rate of S&E degree production has eclipsed the overall 
rate of university degree production in Germany. 
Moreover, the reform and democratization of higher edu- 
cation in France, initially begun in the 1960s, have result- 
ed in a tripling of both student enrollments and the 
number of new universities within a decade. Despite a 
declining population in France, increasing numbers of 
young people obtain a university education and major in 
NS&E fields. From 1975 to 1992, the number of NS&F 

‘Fachhochschulen are 4-year polytechnics that prepare students for 


work in various technical specialties. Graduates from these institutions 
generally do not pursue advanced degrees. 


degrees awarded doubled, from 17,000 to more than 
35,000. During this same period, the number of young 
people getting a university degree in the United Kingdom 
tripled, particularly through the growth of new polytech- 
nics, which were brought into the university system in 
1992 (SRS, forthcoming). 


Access to Higher Education and 
Science and Engineering Degrees 

The United States remains one of the leading countries in 
the world with a system of higher education that reaches a 
broad cross section of citizens. The ratio of total bachelor’s 
degrees to the 24-year-old population reached 31 percent in 
the United States in 1992.‘ Only Canada and Norway have 
similarly high participation ratios. (See appendix table 2-1.) 
Although access to higher education in European countries 
has greatly expanded in the past 20 years, the ratios of un 
versity degrees to their college age populations still do not 
exceed 10 to 20 percent. (See figure 2-1.) 


'This ratio is total degrees divided by the number of 24-year-olds. It is 
presented as a general indicator of the participation in higher education 
of the college-age population in each of the countries presented. Total 
degrees include those earned by older students, which makes the per- 
centage higher than if only degrees to 24-year-olds were included. 


2-1. 
Ratio of total first university degrees and NS&E 
1975 and 1992 
_} 1992 
BB \Sse degrees 
All other fields 
J 
J 
] 
_] 
ia 
] 
J 
J 


G 5 10 15 20 25 30 3 
Percent 
SOURCES: For 1975 data, Science Resources Studies Di..sion (SRS), 
National Science Foundation, Human Resources for Science and 
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Although a high fraction of the U.S. population 
receives a college degree, the United States awards a rel- 
atively lower percentage of university degrees in S&E 
than most North American, Asian, and European coun- 
tries. (See appendix table 2-2.) China’s higher education 
system is the most focused on fields of NS&E. In 1992, 
more than one-half of all university degrees awarded in 
China were in these fields, compared with about one- 
third in Singapore, South Korea, and Taiwan and one- 
fourth of all degrees in Japan and India. Mexico had the 
highest percentage of university NS&E degrees in North 
America, approximately 33 percent. 

The United States is not, therefore, among the lead- 
ing countries in the world in tle percentage of its col- 
lege-age population with an NS&E degree. Although less 
than 5 percent of the U.S. college-age population earns 
an NS&E degree, several European and Asian countries 
have higher participation rates. In Finland, more than 6 
percent of the college-age cohort obtains a university 
degree in NS&E fields, similar to the participation rates 
of Japan and South Korea. (See appendix table 2-1 and 
figure 2-1.) The large increase in participation rates in 
Germany in the past few years reflects the inclusion of 
East German universities, which have a greater focus on 
engineering degrees. In the United Kingdom, polytech- 
nics, which achieved university status in 1992, have 
raised the participation rate in NS&E degrees to more 
than 5 percent. Spain’s participation rate is now on a par 
with other European countries, after significant gains 
in the 1980s. 

Participation rates of young people in NS&E fields dif- 
fer considerably by sex. The most notable difference is 
in Japan, where less than 1 percent of 24-year-old 
females obtained a first university NS&E degree in 1992, 
although more than 11 percent of males obtained such a 
degree. In the United States, about twice as many males 
as females obtained an NS&E degree (6.4 percent versus 
3.0 percent, respectively). In the United Kingdom, the 
percentages of college-age females and males receiving 
NS&E degrees are closer, 4.1 percent and 7.2 percent, 
respectively. (See figure 2-2 and appendix table 2-3.) 

Women in several countries prefer natural science 
studies and obtain a higher share of natural science 
degrees at the first university degree level than do 
women in the United States. (See appendix table 2-4.) In 
10 European countries, women obtain more than one- 
half of the first university degrees in the natural sci- 
ences; for 8 European countries, women obtain 20 
percent or more of the engineering degrees. In the 
United States, women obtain 42 percent of the natural 
science degrees, and 16 percent of the engineering 
degrees. (See appendix table 2-5.) 


The International Faculty Survey 


The Carnegie Foundation for the Advancement of 
Teaching conducted a Survey of the International 
Professoriate in 1991, which indicated that across coun- 
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tries there is considerable diversity in the percentage of 
university faculty in SE departments. Approximately 45 
percent of Korean university faculty are in S&E fields, 
although more than 70 percent of German faculty are in 
these fields. (See text table 2-2.) Considerable differ- 
ences exist also in the percentage of faculty within broad 
fields of S&E. About 20 percent of the faculty in Japan 
and Mexico teach in engineering programs, reflecting 
the high ratio of engineering degrees to total degrees 
(20 and 27 percent, respectively) in their higher educa- 
tion systems. (See appendix table 2-2.) In the United 
Kingdom and Germany, the highest percentages of fac- 
ulty are in the natural sciences, 22 and 30 percent, 
respectively, reflecting the high proportion of natural sci- 
ence degrees to total degrees (about 17 percent) in 
these countries (Carnegie, 1995). 


Characteristics of U.S. Higher 
Education Institutions 


One reason for the broader U.S. access to higher edu- 
cation, described in the previous section, is the diverse 
and expansive institutional base of the U.S. higher educa- 
tion system. (Another is the diversity of attendance pat- 
terns. See Bachelor's Degrees in Science and 
Engineering in this chapter.) There were 3,611 (1,566 
public and 2,045 private) institutions of higher education 
in the United States in 1993 (HEP, 1993). These institu- 
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Text table 2-2. 
Distribution of faculty in selected countries, by fieid: 1991 
SBE field 
Total Math/physical — Engineering/tech Health Psyctvsociai Total 
Country Total S&E biological sciences comp. science sciences non-S&E 
Percent 

Oa 100 60 18 22 12 - 40 
South Korea... ... 100 45 9 18 11 6 54 
Germany........ 100 73 30 17 15 11 27 
United Kingdom. . . . 100 61 22 11 10 19 39 
United States... .. 100 61 17 8 25 11 39 
i wah des a * 100 68 18 19 10 20 31 


NOTE: Details may not add to totals because of rounding. 


SOURCE: The Camegie Foundation for the Advancement of Teaching, The Academic Profession: An international Perspective (Princeton: The Carnegie 


Foundation, 1995). 


tions enrolled 14.5 million students in that year and 
awarded more than 2 million degrees, one-quarter of 
which were in S&E. (See figure 2-3 and appendix tables 
2-6, 2-7, and 2-8.) The Carnegie Foundation for the 
Advancement of Teaching has classified those institu- 
tions into 10 categories, based on the size of their bac- 
calaureate and graduate degree programs, the amount of 
research funding they receive, and—for baccalaureate 
colleges—their selectivity.” (See Carnegie Ciassification 
of Academic Institutions for a brief description of the cat- 
egories used in this chapter.) 

The number of students in U.S. institutions of higher 
education more than doubled between 1967 and 1993. 
The largest rates of growth in student enrollments were 
in 2-year associate of arts colleges, including community, 
junior, and technical colleges. (See figure 2-4 and 
appendix table 2-6.) Enrollment at these institutions, 
which grew at annual rates of 6 percent, leveled off in 
1993 at 5.5 million students. 


Bachelor’s Degree Level 


In 1993, 1,440 institutions granted 366,000 bachelor’s 
degrees in S&E fields. The research and doctorate-grant- 
ing institutions continue to award the largest proportions 
of baccalaureates in S&E fields. More than one-half of 
the bachelor-level degrees in the social and natural sci- 
ences and more than three-quarters of the engineering 
degrees are awarded at these institutions. (See figure 
2-5.) Students earn almost 30 percent of their degrees in 
the social and natural sciences and about 16 percent of 
the engineering degrees at master’s universities and col- 
leges. Baccalaureate colleges provide a significant frac- 
tion (16 percent) of bachelor’s degrees in the social and 


The Carnegie classification is not an assessment guide, nor are the 
distinctions between classification sublevels (e.g., research I and 
research II) based on institutions’ educational quality. Baccalaureate 
colleges I exercise more selectivity regarding students than do bac- 
calaureate colleges II, but in general the Carnegie categories are a 
typology, not a rank ordering 
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natural sciences and a small fraction (2 percent) of engi- 
neering di rees (See appendix tables 2-7 and 2-8.) 

Researci  versities and baccalaureate colleges pro- 
duce more undergraduates who later obtain NS&E doctor- 
ates than other types of institution. This finding holds 
regardless of ethnic group or gender and is largely related 
to the academic credentials of entering freshmen to these 
institutions. The most consistent determinant of an institu- 
tion's ability to produce students who will complete doctor- 
ates is the quantitative ability of entering freshmen (Baker, 
1994). In general, schouls that are most selective in their 
admissions produce the highest percentage of NS&E stu- 
dents. However, there is also a strong and consistent rela- 
tionship between female NS&E degrees and attendance at 
women’s colleges and an increased probability of black 
baccalaureate degree completion at Historically Black 
Colleges and Universities (Baker, 1994). 


Master’s Degree Level 


In 1993, 727 institutions granted more than 86,000 mas- 
ter’s degrees in S&E fields. These S&E degrees were 
granted mainly in research and doctoral institutions. 
Students earn three-fourths of their natural science 
degrees and 8&5 percent of their engineering degrees at 
the master’s level through research and doctoral level uni- 
versities. (See figure 2-6 and appendix table 2-7.) Master’s 
universities and colleges are also important in the produc- 
tion of S&E master’s degrees, providing 30 percent of the 
social science degrees, 23 percent of the natural science 
degrees, and 11 percent of the engineering degrees. 


Doctoral Degree Level 


The capacity of U.S. institutions to provide doctoral 
degrees in S&E fields expanded in the 1960s and again in 
the late 1980s, as indicated by the increasing size of 
enrollment, faculty, staff, and budgets at research univer- 
sities (President's Council of Advisors on Science and 
Technology, 1992). More recently, between 1988 and 
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Figure 2-3. 
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U.S. higher education, by students, institutions, and degrees: 1993 
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higher education or the movement of students among institution types prior to graduation. 


See appendix tables 2-6, 2-7, and 2-8. 


1993, the number of institutions of higher education that 
qualified as research I universities increased from 68 to 
88. (See Carnegie Classifications of Academic Institutions.) 
These institutions provided more than 18,000 of the 
25,000 degrees in S&E fields. This expansion was made 
possible by the convergence of two factors: large Federal 
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research grants to universities and a large influx of for- 
eign doctoral students seeking advanced training in S&E. 
Neither of these trends is expected to continue at the 
same rate of growth. (See sections on Foreign Students in 
U.S. Universities and Major Sources of Financial Support 
in this chapter for additional information on these trends.) 


Science & Engineering inaicators — 1996 


Following are brief descriptions of the categories of 
institutions used in this chapter (Evangelauf, 194). 


Research /: These institutions offer a full range of 
baccalaureate programs, are committed to graduate 
education through the doctorate degree, and give high 
priority to research. They receive at least $40 million 
annually in Federal support and award at least 50 doc- 
toral degrees. 


Research Ii: These institutions are the same as 
research I, except that they receive between $15.5 mil- 
lion and $40 million annually in Federal support. 


Doctorate-Granting !: |n addition to offering a full 
range of baccalaureate programs, the mission of these 
institutions includes a commitment to graduate educa- 
tion through the doctoral degree. They award 40 or 
more doctoral degrees annually in at least five academ- 
ic disciplines. 

Doctorate-Granting II: These institutions are the 
same as doctorate-granting I, except that they award 
20 or more doctoral degrees annually in at least one 
discipline or 10 or more doctoral degrees in three dis- 
ciplines. 


Master’s (Comprehensive) Universities and 
Colleges !: These institutions offer baccalaureate pro- 
grams and, with few exceptions, graduate education 
through the master’s degree. More than half of their 
baccalaureate degrees are awarded in two or more 
occupational or professional disciplines, such as engi- 
neering or business administration. All of the institu- 
tions in this group enroll at least 2,500 students. 


Carnegie Classification of Academic Institutions 


Master's (Comprehensive) Universities and 
Colleges ii: These institutions are the same as mas- 
ter’s universities and colleges I, except that all of the 
institutions in this group enroll between 1,500 and 
2,500 students. 


Baccalaureate (Liberal Arts) Colleges |: These 
highly selective institutions are primarily undergradu- 
ate colleges and award more than 40 percent of their 
baccalaureate degrees in liberal arts and science fields. 


Baccalaureate (Liberal Arts) Colieges Il: These 
institutions are primarily undergraduate colleges that 
award less than 40 percent of their degrees in liberal 
arts and science fields. They are less restrictive in 
admissions than baccalaureate colleges I. 


Associate of Arts Colieges: These institutions 
offer certificate or degree programs through the asso- 
ciate degree level and, with few exceptions, offer no 
baccalaureate degrees. 


Professional Schools and Other Specialized 
institutions: These institutions offer degrees ranging 
from the bachelor’s to the doctorate. At least half of the 
degrees awarded by these institutions are in a single 
specialized field. These institutions include theological 
seminaries, bible colleges, and other institutions offer- 
ing degrees in religion; medical schools and centers; 
other separate health profession schools; law schools; 
engineering and technology schools; business and 
management schools; schools of art, music, and 
design; teachers colleges, and corporate-sponsored 
institutions. 


Undergraduate Science and 
Engineering Students and Degrees 


Recent Trends in College Enrollments 


Undergraduate enrollments in higher education have 
grown moderately from 1978 to 1993 (1.6 percent) 
across the total population of students, but some minori- 
ty groups have significantly increased their access to 
higher education. Undergraduate enrollment of Asian- 
American students has increased at an average annual 
rate of 7.8 percent from 1978 to 1993. Enrollment of 
Hispanics has increased at 5 percent annually, and 
enrollment of Native Americans has increased 3 percent 
over this same period. (See appendix table 2-9.) Women 
make up more than half of the undergraduate enroll- 
ments in higher education for every racial/ethnic group 
in the United States. Among black students, women 
comprise more than 60 percent of the undergraduate 
enrollments. Foreign students are the exception; women 
comprise less than one-half of foreign undergraduate 


enrollments (45 percent). Students with disabilities 
make up about 6 percent of all students enrolled in post- 
secondary institutions; 5.7 percent of all students who 
major in S&E fields and 6.6 percent of students who 
major in non-S&E fields (NCES, 1995a). 


Engineering Enrollments 


Most engineering programs require students to 
declare their major as entering freshmen, although some 
allow an unspecified field of engineering for the first 2 
years.” Therefore, engineering enrollments and student 
composition can be used as early indications of near- 
term engineering degrees and participation rates of 
women and minorities. The total number of engineering 
students increased rapidly from 1979 to 1983, growing 

Data in this section are from the Engineering Workforce 
Commission (EWC). The commission collects trend data on full- and 
parttime engineering and engineering technology enrollments in bac 


calaureate and 2-vear programs and on enrollments of women and 
minorities 
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from 366,000 in 1979 to more than 440,000 in 1983. The 
number of engineering students has declined slowly (1.6 
percent annually) since then, somewhat more slowly 
than the decline of the college-age population (1.9 per- 
cent annually) since 1979. The number of students who 
studied engineering in 1994 (367,000) nearly equaled the 
number in 1979 (366,000). (See appendix table 2-10.) 

Declining engineering enrollments are not evenly dis- 
tributed among major specialties: 1994 enrollments in 
mechanical and aerospace engineering declined the 
most irom the previous year, although enrollments 
increased in civil and environmental engineering (EWC, 
1995c). In addition, the number of part-time students 
expanded during this period, representing approximate- 
ly 11 percent of the total engineering enrollments by 
1994. (See appendix table 2-11.) 

During this period, student enrollment became far 
more diverse, with women entering engineering fields in 
record numbers. In 1994, females comprised almost one- 
fifth of the undergraduate engineering students in the 
United States, comparable with the leading European 
countries in the proportion of female engineering stu- 
dents: Denmark, France, Sweden, and the United 
Kingdom. (See appendix tables 2-5 and 2-12.) Also, 
underrepresented minorities made up more that 14 per- 
cent of the engineering students in 1994, up from 7 per- 
cent in 1979. Currently, blacks and Hispanics each 
represent almost 7 percent of the engineering enroll- 
ments, up from 4 and 3 percent, respectively in 1979. 
(See appendix table 2-12.) Foreign students represent 
only 6 percent of undergraduate engineering students, 
and they are declining in absolute numbers and as a per- 
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Figure 2-5. 
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cent of undergraduate engineering students. Asian- 
Americans comprised 10 percent of engineering stu- 
dents between 1979 and 1994, far higher than their 
representation of the college-age population (3.9 per- 
cent). (See appendix table 2-12 and figure 2-7.) 
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Figure 2-6. 
Master's degrees awarded in S&E, 


by institution type: 1993 
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Characteristics of American College Freshmen 


Planned Majors by Sex and Race/Ethnicity 

As in the past, about one-third of entering freshmen 
choose S&E majors.’ In 1994, around 45 percent of 
Asians, 38 percent of black and Hispanic freshmen, and 
31 percent of white and Native American freshmen 
intended to major in S&E fields. (See appendix table 
2-13.) Since the late 1980s, more freshmen are choosing 
majors in the natural sciences, whereas the popularity of 
the social sciences continues to decline, especially among 
females. In 1994, a higher proportion of white and Asian 
females chose natural science majors than social science 
majors. Males in every group still choose engineering 
above all other S&E fields, but a slightly lower proportion 
of white students, both male and female, chose engineer- 
ing in 1994 than in previous years. 

During the past 2 decades, minority representation 
among freshmen planning to major in selected S&E 
fields has greatly increased, especially for females in 
these groups. By 1994, underrepresented minorities 
made up approximately 15 percent of freshmen planning 
to major in the physical sciences, 16 percent planning to 
major in biological fields, 20 percent planning to major in 
the social sciences, and 18 percent planning to major in 
engineering. (See appendix table 2-14.) In 1974, the per- 
centage of minorities in NS&E fields was far lower, at 7 
percent. (See figure 2-8.) 


Planned Majors by Disability Status 

Students with disabilities are as likely to choose S&E 
majors as non-S&E majors. Students with hearing, 
speech, sight, and orthopedic disabilities and health- 
related problems are as equally represented in S&F 


These data are from Higher Education Research Institute (1994) 


Mio © 1984 § 1994 


0 
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NOTE. Data refiect underrepresented minorities only—i.e. blacks. 
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fie'ds as non-S&E fields. Only students with learning dis- 
abilities choose non-S&E majors slightly nm» than they 
choose S&E majors. In 1994, 6.9 percent co. freshmen 
planning to major in S&E fields had some form of disabil- 
ity, up from 6.1 percent in © °83. Sinuilarly, freshmen stu- 
dents with disabilities entering non-S&E majors reached 
9.5 perceat in 1994, up from 5.9 percent in 1983. (See 
appendix table 2-15 and tex’ able 2-3.) 


Text table 2-3. 
Choice of major for sti. darts with diszbilities 


Plan S&E major Pian non-S&E major 


Disability 1983 1994 1963 1994 
Percent 

Se 6.) 8.9 5.9 9.5 
Hearing... .. 06 08 08 1.0 
Speech... .. 0.2 0.3 0.2 0.3 
Orthopedic ... 0.7 08 0.5 1.0 
Learning 

disabled .... 04 1.7 0.5 2.1 
Health related... 08 1A 0.6 16 
Partially 

signted/blind.. 2.4 24 24 2.2 
Other....... 1.0 1.5 0.9 1.3 


SOURCE: Higher Education Research institute, University of California 
at Los Angeles. Survey of the American Freshman: National Norms, 
unpublished tabulatons, 1995. 
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Associate Degrees in 
Science and Engineering 

Associate degrees in science, engineering, and engi- 
neering technology” are becoming increasingly important 
to workers in high technology industries. Engineering 
technology skills will be crucial in electronics, computer 
graphics, and mechanical engineering fields; programs 
focused on these industries account for more than one-half 
of the engineering technology programs offered at the 
associate level. Science technology skills will be vital in 
high technology industries related to agriculture, chemi- 
cals, and biotechnology; programs focused on these three 
fields account for nearly half of the science technology pro- 
grams offered (Burton and Celebuski, 1995). The number 
of associate degrees in S&E fields remained relatively con- 
stant between 1983 and 1993 at around 23,000 degrees. 
Although the overall total in SE degrees remained the 
same, individual fields varied widely. Social science 
degrees at the associate level increased at the rete of 2 per- 
cent annually from 4,800 in 1983 to 5,800 in 1993. 
Engineering and engineering technology degrees declined 
from 1986 to 1993 (as have bachelor-level degrees in these 
fields), only partially because of the declining prvi of col 
lege-age students in this period. Although associate 
degrees in engineering and engineering technology 
declined 2.6 and 2.2 percent, the population of 20-vear-olds 
declined 1.3 percent during this same time. Between 1983 
and 1993, engineering technology degrees decreased from 
51,000 to 41,000 (see appendix table 2-16), and science 
technology degrees decreased from 1,500 to 1,000. 

To counter these declining trends, the Advanced 
Technology Education (ATE) Program was begun in 1992 
to improve technical education at the associate level in the 
United States.” ATE supports projects in curriculum and 
laboratory development, improved teacher preparation, and 
enhanced partnerships with local businesses and industry. 
Sponsored projects are linked with the feeder high schools 
to improve preparation in science and mathematics and 
with 4-year colleges and universities to facilitate transfer 
students. Although fewer engineering technology degrees 
have been awarded, the 1995 Higher Education Survey 
(Burton and Celebuski, 1995) reports increasing enroll- 
ments in these programs—and even more growth in sci 
ence technology programs. Further initial results of this 
ATE program are reflected in the EWC 1994 survey, which 
showed an increase in associate-level degrees in engineer- 
ing technology for the first time since 1990.'" Associate- 
“Engineering technology end science technology are not within the 
taxonomy of fields included under S&F in the Standard Classification 
of Instructional Pro: «amis 

The Scientific aud Advanced Technology Act of 1992 called for the 
National Science Foundation to establish a national program to 
improve the education for technicians in advanced technology fielas 

The EWC survey of engineering uses a narrower definition of engi 
neering technology and covers slightly fewer colleges than the NCES 
survey data used in this report. Therefore, engineering degree data 
contained in this chapter's appendix tables are not comparable with 


the degree data found in the EWC (1995a) full report: Engineering and 
Technology Degrees, 1994 


Ts 
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level degrees in S&E are more prominent in some 
European and Asian countries. (See Technical Education 
in Germany, France, Japan, and South Korea.) 


Associate Degrees by Race/Ethnicity 

Minority students are more represented in S&E fields 
at the associate jevel than in other levels of higher edu- 
cation, mainly in the social sciences and computer sci- 
ence.'' Underrepresented minorities obtained 25 percent 
of social science degrees and 22 percent of computer sci- 
ence degrees awarded at the associate level in 1993. 
These minority groups obtained 14 percent of the associ- 
ate-level degrees in engineering and engineering tech- 
nology. (See appendix table 2-17.) Although the total 
number of engineering degrees awarded fel’, from 1986 
to 1993, the number of associate-level degrees in engi- 
neering awarded to blacks increased by 3.9 percent 
annually, and the number awarded to Hispanics 
increased by 2.5 percent annually. 


Bachelor's Degrees ir Science 
and Engineering 
The number of overall S&E degrees at the bachelor’s 
level peaked in 1986, declined until 1989, and subsequent- 
ly increased, at a 3-percent annual growth rate.'* Natural 
sciences and social sciences account for this increase; the 
number of degrees in engineering and mathematics and 
computer sciences is leveling off afte, several years of 
decline. (See figure 2-9 and appendix table 2-18.) The pat- 
terns in each broad field are examined separately below. 
The number of natural science degrees, which 
declined steadily during the 12-year period between 1977 


"Overall trends are available for 1975 to 1993; degrees by race/eth- 
nicity are available from 1983 to 1993. 

Data in this section are from the National Center for Education 
Statistics, Earned Degrees and Completion Surveys. 


1975 1977 1979 1961 1963 1985 1987 1989 1991 1993 
See appendix table 27-18. Science & Engineering indicators - 1996 
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and 1989, increased sharply from 1989 to 1993. During 
this period, both male and female students increasingly 
chose to major in natural science fields. Recent increases 
can be accounted for mainly by the high rate of growth 
in natural science degrees to women, almost 5 percent 
annually. (See figure 2-10.) Among subfields of the natu- 
ral sciences, the largest growth has come in biological, 
physical, and earth, atmospheric, and oceanographic sci- 
ences. (See appendix table 2-18.) 

The number of degrees in mathematics and computer 
sciences grew rapidly from 1975 to 1986, at 8 percent 
annually, followed by a steady decline until 1991. Since 
then, the numbers have leveled off. The pattern is the 
same for both males and females. Computer science 
degrees have undergone the sharpest decline. 

The number of social and behavioral science degrees 
declined from 1975 to 1985, mainly because fewer male 
students chose these fields during that 10-year period. 
Since 1986, both male and female students have increas- 
ingly majored in the social and behavioral sciences; 
female growth rates have been slightly higher. 

The number of degrees in engineering peaked in 1986, 
and subsequently declined until 1991. In 1993, engineer- 
ing degrees increased slightly, mainly from the growth in 
chemical, civil, and mechanical engineering fields. 
Electrical engineering, the largest field, continued to 
decline in absolute numbers and in proportion to all engi- 
neering degrees. In contrast, civil and chemical engineer- 
ing, fields which are popular with women, have grown 
since 1989. (See appendix table 2-18.) Women received 
nearly 17 percent of overall bachelor’s degrees in engi- 
neering in 1994 (EWC, 1995b) and almost one-third of the 
undergraduate degrees in chemical engineering. Overall, 
the number of engineering bachelor's degrees obtained 
by women has declined since 1987 at the same rate of 
decline as the female college-age population, 1.5 percent. 


Bachelor's Degrees by Race/Ethnicity 

Blacks and Hispanics recently have earned degrees in 
greater numbers in S&E fields. Although the total num- 
ber of engineering degrees has decreased annually since 
1986, until leveling off in 1993, the number of engaveer- 
ing degrees awarded to blacks has increased 5.7 percent 
annually since 1989. (See appendix table 2-19.) The aum- 
ber of engineering degrees awarded to Hispanic stu- 
dents increased 5.6 percent annually over the same time. 
Blacks and Hispanics account for a portion of the 
increases in the number of degrees awarded in the natu- 
ral sciences and the social sciences. Although the pro- 
portion of S&E degrees awarded to blacks and Hispanics 
is still small, the growth rates are high. Natural science 
degrees awarded to blacks increased 8 percent annually, 
and the number of social science degrees awarded 
increased 12 percent annually, from 1989 to 1993. De- 
grees obtained by Native American students increased 
in the natural sciences and the social sciences, but not in 
_agineering. Engineering degrees obtained by foreign 
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Technical Education in Germany, France, Japan, and South Korea 


The trend in Europe is toward more tech- 
nical education, which was first introduced 
in the 1970s for labor market requirements. 
Even students who qualify for admission to 
universities, based on their successful com- 
pletion of the academic track of upper sec- 
once"y school, are attracted to technology 
institutes because of good job-placement 
rates. In Asia, South Korea’s educational 
policy provides equal quotas for junior-col- 
lege-level education in S&F fields as for 
bachelor’s level. Japan, similar to the United 
States, has a small number of associate-level 
degrees in S&E fields in comparison with 
university degrees in these fields. 

Germany. Training aimed at providing 
a highly sxilled labor force is available 
within Germany’s higher education system 
through a great variety of institutions, 
including polytechnics, called Fachhoch- 
schulen, vocational academies, and techni- 
cal trade schools. They have different 
levels of entrance requirements, duration 
of study, and alliance with industry. 

Fachhochschulen, established in the 
early 1970s to address the serious short- 
age of skilled workers (Von Friedeburg, 
1990), prepare students in programs that 
teach a variety of technical specialties. The 
average duration of these programs is 4.5 
years. They have become increasingly 
attractive to students with the Abitur* 
because of the relatively favorable employ- 
ment prospects.’ German industrial firms 
consider this training to be more practical 
and focused on their needs (Tessaring, 
1992). The Fachhochschulen are an impor- 
tant source of training for engineers, 
accounting for two-thirds of the engineer- 
ing degrees awarded in Germany in 1992. 
Germany would like to divert more of its 
engineering students from universities to 
Fachhochschulen. The German government 
is establishing new Fachhochschulen in for- 
mer East Germany to create a more highly 
skilled labor force and to foster economic 
growth in that region. (As of 1992, only 15 
percent of the engineering degrees in the 
former East Germany were earned in Fach- 
hochschulen.) 

In addition, Germany has 2- and 3-year 
higher education programs’ in vocational 
academies (Berufsakademien) which inte- 
grate practical training in industry with 
theoretical education in a local university. 
Graduates are placed within the enterpris- 
es where they were trained. Although 
attractive because of job placements, they 
are limitea to around 6,000 students a year, 
and the degrees are not always recognized 
outside the state where they were earned. 
More significant and numerous are the 
trade and technical schools (TTS), open to 
students who have not completed the aca- 
demic track of upper secondary school. 
Students with certificates from vocational 
high schools and apprenticeships, which 
together compose more than half the 
German high school student population, 


can receive further training in a variety of 
TTS. German industry heavily supports 
one variety: 3-year institutes, called Fach- 
schulen. These institutes retrain their cur- 
rent workers in industry-specific skills. In 
1987, there were 85,000 university gradu- 
ates, 52,000 Fachhochschulen graduates, 
and 41,000 Fachschulen graduates 
(Tessaring, 1992). In 1990, West German 
postsecondary institutions awarded 18,700 
associate-level degrees in engineering. 
Adjusting for the size of the German col- 
lege-age population, which is one-third that 
of the United States, indicates a figure 
somewhat more than the 43,000 engineer- 
ing and engineering technology associate- 
level degrees awarded in the United States. 

France. The reform and democratiza- 
tion of higher education in France, which 
began in the 1960s and resulted in the 
tripling of student enrollments and the 
number of new universities over a 10-year 
period, have begun a new period of expan- 
sion in the 1990s. Technical education, 
especially 2- and 3-year programs, has 
expanded even more rapidly than univers- 
ity programs. 

In 17 years, the number of degrees 
awarded at Sections de Technicien Supérieur 
(STS), 2- and 3-year courses conducted in 
high schools following the baccalauréat, has 
increased fivefold, from 11,526 in 1975 to 
62,171 in 1992. These institutes absorb the 
increasing number of students who com- 
plete the technology courses of study in 
high school, such as construction mechan- 
ics, electronics, and microprocessing.* 
These high school technology tracks, initial 
ly designed to prepare students for immedi- 
ate employment, are increasingly becoming 
a first stage toward students’ higher educa 
tion in technology institutes. 

Other 2-year technology institutes for 
high-level technical workers, the /nstituts 
Universitaires de Technologie (IUT), have 
about one-third the enrollment of the STS. 
They are connected to existing universi- 
ties, but administered separately. The [UT 
awarded more than twice as many degrees 
in 1992 as in 1975, from 14,746 in 1975 to 
31,204 in 1992. In 1992, 93,000 students 
successfully completed technical training 
within these two types of institute’ 
(Charlot and Pottier, 1992). IUT diplomas 
are creditable toward university studies. 

South Korea. Like many countries in 
Asia, South Korea aspires to promote 
coherent and self-sustained development 
through education. It emphasizes S&E 
education through special scholarships, 
exemption from military service, and 
rewarding employ:nent. The government's 
decision to double admissions quotas in 
higher education in 1980 was an attempt to 
keep up with industry’s demand for engi- 
neers, computer scientists, and other spe- 
cialists. New local area colleges had to be 
added to existing universities to ease the 
strain on laboratories and computer facili- 


ties. A fivefold increase in S&E degrees at 
the bachelor level occurred over the 15- 
year period, from 1975 to 1990 (SRS, 
1993b). The number of associate degrees 
awarded in S&E fields grew even faster 
during this same period; the number of 
associate degrees in engineering grew at 
an average annual rate of 19.4 percent in 
South Korean junior colleges from 1977 to 
1992. Thirty percent of all degrees award- 
ed at the junior college level are in engi- 
neering fields. By 1992, the number of 
associate degrees in engineering equaled 
the number of bachelor degrees in these 
fields, around 32,000 (Govt. of the Republic 
of Korea, 1993). 

Japan. Colleges of technology and 
junior colleges in Japan provide engineer- 
ing technology degrees comparable with 
U.S. associate degrees. The number of 
Japanese degrees at this level is, however, 
relatively small, amounting to less than 
one-quarter of Japan’s university degrees 
in engineering (Govt. of Japan, 1993). In 
1994, Japan produced around 20,700 
degrees at the associate level and 90,000 
engineering degrees at the bachelor’s 
level. Programs of study in engineering 
technology offered at Japanese junior col 
leges include information processing, labo- 
ratory technician training, and electronics. 
Graduates in Japanese technical colleges 
are trained in more narrowly specialized 
technical areas in engineering (production, 
construction, industrial chemistry, infor- 
mation, electronics, and mechanical engi- 
neering) than are junior college graduates. 
The percentage of these graduates going 
directly into the labor force has been 
decreasing during the past decade. About 
three-quarters of the 1994 graduates went 
directly into the skilled labor force. A 
greater percentage of graduates from col- 
leges of technology are continuing with 
advanced training. An increasing number 
of junior college greduates in engineering 
are unemployed, about 13 percent (Govt. 
of Japan, 1995). 


*Secondary school completion examina- 
tion. Scores on this exam determine admis- 
sion into particular university departments. 

‘Also in response to the labo- market over 
the past 20 years, students have shifted their 
preferred field of study in higher education 
toward engineering and sciences and away 
from languages, arts, and sports. 

*Students with the Abitur have a shorter 
program. 

*Students who complete the general 
course of study in high school generally 
enter the university, preparatory classes for 
the grandes écoles, and the /nstituts Uni- 
versitaires de Technologie. 

‘These statistics are not broken down by 
field or specialization and thus do not allow 
comparison across countries in associate 
degrees in engineering. 
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Figure 2-10. 


@ 2-15 


a ae taba 


50 
ct) 
Kt) 
20 
10 
} 
0 ' "“ i ‘ A. 4  — a | ote EE i jl 4 i 
1975 1977 1979 1961 1963 1985 1967, 1980, 1991 1963 
Social and behevioral sciences 
Thousands 
200 
180 
1 Total 
140 
120 
100 4@" 
btn. 7 
so; W”.... «atti 
a Female 027 wt 
pVeeee shag s*teee9* Ow” 
60 Ceeccccccccseggoccooooeeserr"” 
| Male 
40 
20 
0 ‘ j — * ” i rn i + i i i 4 j mn i 
1975 1977 1970 1961 1983 1988 1067 1980 1991 1903 
See appendix table 2-18. 


students declined more than 3 percent annually from 
1981 to 1993. 

Despite these recent gains, participation by some 
minorities in the U.S. higher education system remains 
low. (See text table 2-4.) Although 4.4 percent of the white 
college-age population obtains an NS&E degree, only 1.8 
percent of the black college-age population and 1.7 per- 
cent of the Hispanic population obtain a degree in these 
fields.'* (See U.S. Higher Education Faculty for participa- 
tion rates of women and minorities among S&E faculty.) 


The Hispanic population, the fastest growing in the United States, 
includes many recent immigrants without high school education who 
could not be immediately recruited into the U.S. higher education sys- 
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In contrast to these low participation rates, 10.6 per- 
cent of the Asian-American college-age population 
obtains an NS&E degree, similar to the high participation 
rates for males in Japan and South Korea. (See appendix 
table 2-3.) In fact, Asian-Americans are the only group 
that receives a higher proportion of NS&E degrees than 
their percentage of the population. Although Asian- 
Americans comprise just 3.9 percent of the population, 
they earn 8.9 percent of the NS&E degrees at the bache- 
lor’s level. The desire of Asian-American students and 
foreign students to study electrical and computer engi- 


tem. In 1993, only 60 percent of the Hispanic 18 to 24-year-old popula- 
tion had graduated from high school (U.S. Bureau of the Census, 1993). 
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U.S. Higher Education Faculty 


Only one-third of U.S. higher education faculty are in 
S&E departments, while two-thirds are in non-S&E 
fields. Minority faculty in S&E departments comprise 
less than five percent of total U.S. faculty. (See text 
table 2-5 and appendix table 2-20.) 

Women comprise approximately 20 percent of all 
U.S. higher education faculty, mainly at the assistant 
professor level. (See text table 2-6 and appendix table 
2-21.) They primarily teach in social and behavioral 
science fields. (See appendix table 2-20.) 

Among S&E fields, the largest percentage of foreign- 
born faculty teach in engineering departments. Thirty 


percent of the U.S. higher education engineering facul- 
ty are foreign born. More than half of these faculty 
members have become naturalized U.S. citizens. Less 
than 15 percent are non-U.S. citizens; a large majority of 
these individuals have become permanent residents of 
the United States. The remainder are foreign citizens 
on temporary visas. (See text table 2-7 and appendix 
table 2-22.) In contrast, 15 percent of the U.S. higher 
education faculty teaching in natural science fields are 
foreign born, and less than 12 percent of social science 
faculty are foreign born. 


Text table 2-5. 
U.S. higher education faculty, by field and race/ethnicity: 1993 
S&E field 
Natural Math/ Social 
Total S&E sciences comp. sciences sciences Engineering Non-S&E 
aoe Percent 

100.0 33.1 11.0 8.5 9.8 3.9 67.3 
White......... 87.5 . 288 9.8 7.3 8.6 3.1 58.7 
is és @a-« 0% 4 48 2.2 0.6 0.6 0.3 0.6 2.6 
0 48 1.3 0.3 0.3 0.6 0.1 3.5 
Hispanic ....... 2.8 0.8 0.2 0.2 0.3 0.1 2.0 
Native American. . . 0.5 0.2 0.0 0.1 0.0 0.0 0.4 


NOTE: Details may not add to totals because of rounding. 


See appendix table 2-20. Science & Engineering Indicators — 1996 
Text table 2-6. 
Distribution of U.S. higher education faculty in science and engineering fields, by rank and sex: 1993 
Full Associate Assistant 
All ranks professor professor professor Instructor Lecturer Other 
Percent 
reer 100.0 37.4 24.0 21.2 8 1.4 6.2 
Male....... 80.1 33.7 19.4 15.2 6.7 0.9 4.2 
Female...... 19.9 3.7 46 6.0 3.1 0.5 2.0 


NOTE: Includes full-time faculty. 


See appendix table 2-21. Science & Engineering Indicators - 1996 
Text table 2-7. 
U.S. higher education faculty, by field and citizenship status: 1993 
Non-u.S. citizen 
US. citizen Permanent T 
Field Total Native Naturalized resident feaddont. 
Percent 
Natural sciences ...... 100 35 8 6 1 
Math/comp. sciences... . 100 85 7 6 2 
Social sciences....... 100 89 5 5 1 
Engineering. ........ 100 70 16 12 2 
See appendix table 2-22 Science & Engineering indicators - 1996 
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Text table 2-4. 
Participation rates of 24-year-olds in first university degrees in science and engineering, by race/ethnicity: 1993 
Degree fields 24-year-olds 
All first univ. Natural Social Total With first With NS&E With soc. sci. 
degrees sciences sciences Engineering number univ. degrees degrees degrees 
— Number Percent —— 
Total........ 1,179,278 116,742 186,585 62,705 3,752,400 31.4 48 5.0 
Male ....... 537,536 67,799 79,792 52,724 1,908,400 28.2 6.3 42 
Female...... 641,742 48,946 106,793 9,981 1,844,000 34.8 3.2 6.0 
White....... 931,603 87,401 164,917 44,853 3,028,200 30.8 44 5.4 
Asian....... 50,587 9,524 8,573 6,407 149,800 33.8 10.6 5.7 
Black....... 76,667 6,972 14,872 2,577 537,000 14.3 1.8 2.8 
Hispanic ..... 57,845 5,034 10,447 2,961 471,400 12.3 1.7 2.2 
Native American . 5,574 504 1,139 176 37,600 14.8 1.8 3.0 


NS&E = natural science and engineering 
See appendix table 2-1 for international comparisons of participation rates. 
See appendix table 2-19. 


neering has kept these fields predominant among engi- 
neering programs. 


Attendance Patterns by Major Fields 

A wide use of attendance patterns (full-time, part- 
time, intermittent, and transfer students) contributes to 
the broad nature of U.S. access to higher education.'* 
(See International Comparison of Science and 
Engineering Degree Trends and Participation Rates in 
Higher Education and Science and Engineering 
Degrees in this chapter and appendix table 2-1.) In 1991, 
approximately 52 percent of the more than 1 million 
baccalaureate recipients in liberal arts and sciences 
were so-called traditional students. That is, just more 
than half of the students were granted degrees from the 
school where they matriculated as freshmen and had 
spent uninterrupted years of full-time study. The 
remaining students did some or all of the following: 
transferred among institutions, attended part-time, or 
were intermittent (i.e., they spent at least one term away 
from their home campus). The attendance patterns of 
the students varied by area of study. Among the sci- 
ences, about 66 percent of students in life and physical 
sciences, 60 percent of students in social sciences, and 
58 percent of students in engineering were classified 
traditional. Only 48 percent of students in mathematics 
and computer science were classified traditional. The 
areas of mathematics and computer science also had 
the largest share of part-time students: 24 percent 
(Institute for Research on Higher Education, 1994). 


''These data are taken from the newly developed Curriculum 
Assessment Service National Database, referred to as the Transcript 
Study. The project is a collaborative effort of the Institute for Research 
on Higher Education at the University of Pennsylvania and the 
Association of American Colleges and Universities. The final report to 
the National Science Foundation, Curriculum Assessment Service 
Database, is available from the University of Pennsylvania. 


Graduate Science and Engineering 
Students and Degrees 


Trends in Graduate Enrollment 


After a decade-long steady increase, fewer foreign stu- 
dents are entering U.S. universities for advanced training 
in S&E fields.’ Graduate enrollments in S&E programs 
grew only modestly in 1993, mainly as a result of the 
decline in the number of foreign students. (See appendix 
table 2-23.) Many countries are developing the capacity 
to provide higher education in S&E at the graduate and 
undergraduate level. The number of foreign graduate 
students in engineering programs grew steadily from 
28,800 in 1985 to a peak of 41,454 in 1992. In 1993, for- 
eign students decreased their total graduate S&E enroll- 
ments by 4 percent fromm the previous year, mainly as a 
result of the decline in engineering and computer sci- 
ence. The Engineering Workforce Commission 1995 sur- 
vey data show that graduate engineering enrollments of 
foreign students continued at the same rate of decrease 
in the fall of 1994. Foreign students currently represent 
slightly less than one-third of graduate engineering stu- 
dents (EWC, 1995b). (See figure 2-11 and appendix 
tables 2-23 and 2-24.) 

The long-term modest increases in graduate enroll- 
ment of women and minorities from 1977 accelerated in 
the 1990s. In fields of natural sciences, the steadily 
increasing enrollment of women in graduate programs 
quickened during the late 1980s. By 1993, women repre- 
sented 38 percent of all graduate students in these fields 
of science. Women comprised 15 percent of the graduate 
engineering students in 1993, up from 11 percent in 


Data presented here are from the SRS/NSF Survey of Graduate 
Students and Postdoctorates in Science and Engineering (1995e) and 
from the Engineering Workforce Commission (EWC, 1995b). 
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1983. (See figure 2-12 and appendix table 2-25.) The 
number of underrepresented minorities enrolled in grad- 
uate S&E programs increased at a much faster average 
annual rate between 1991 and 1993 than it had in the pre- 
vious decade (11 percent and 4 percent, respectively). 
However, these large increases are relative to a very low 
base. The proportion of minority S&E students versus all 
graduate S&E students increased by only 1 percentage 
point between 1991 and 1993, from 6.3 percent to 7.3 per- 
cent. 


Master’s Degrees in Science and Engineering 


In 1993, almost one-quarter of all master’s degrees 
were obtained in S&E fields.'® Since 1975, the annual rate 
of growth for degrees in S&E has been slightly higher 
than for non-S&E degrees (2.3 percent and 1.3 percent, 
respectively). However, natural sciences are the excep- 
tion. Fewer students are majoring in the natural sciences 
at the master’s level. The slight annual decline in gradu- 
ate enrollments and master’s degrees in natural sciences 
continued over the period between 1978 and 1991, with 
degrees in these fields declining from 15,500 in 1978 to 
12,700 in 1991. The number of master’s degrees in natu- 
ral sciences showed a slight upturn of 4 percent from 
1992 to 1993. In contrast, the number of master’s 
degrees in computer science and engineering increased 
significantly, primarily as a result of the interest and apti- 
tude of Asian-American and foreign students in these 
fields. The number of degrees in computer science 
increased at 9 percent annually from 1979 to 1993; engi- 
neering increased 4 percent annually over this same 
time. Within engineering, students have especially pur- 
sued advanced training in civil, electrical, and mechani- 
cal engineering fields. (See appendix table 2-26.) 


'6Data for S&E master’s degrees are from the National Center for 
Education Statistics annual survey of earned degrees; the data have 
been adapted to the National Science Foundation field classifications. 
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Figure 2-12. 
Graduate enroliment in science and engineering 


programs, by sex 
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NOTE: The natural sciences include mathematics and computer 
sciences. 


See appendix table 2-25. 
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Women account for part of the high growth in comput- 
er science and engineering degrees. Master’s degrees 
awarded to women majoring in computer science and 
engineering grew at a faster rate (7 and 12 percent, 
annually) than the overall growth in these fields during 
this period. Women obtain 15 percent of overall engi- 
neering degrees at the master’s level, but representation 
differs across fields of engineering. The largest numbers 
of women are in civil and electrical engineering. Women 
received more than 18 percent of the master’s degrees in 
chemical and civil engineering, but only 10 to 12 percent 
in electrical and mechanical engineering, the two largest 
engineering fields. (See appendix table 2-26.) 

The growth in S&E master’s degrees is attributed not 
only to more women studying computer science and 
engineering, but also to the increasing number of Asian- 
American and foreign students majoring in these fields. 
Asian-American students and foreign students had simi- 
lar high rates of growth in these fields: around 12 per- 
cent annually in computer science and 6 to 7 percent 
annually in engineering from 1977 to 1993. Under- 
represented minorities also had high rates of growth in 
computer science and in engineering (5 percent) during 
this same time, but from a very small base. (See figure 
2-13.) The participation rate of underrepresented minori- 
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Percent of master's degrees in S8£ fields, by race/ethnicity/citizenship: 1993 


NOTE: The natural sciences include mathemat'cs and computer science. 
See appendix table 2-27. 


ties in master’s level S&E programs has changed little 
since 1977. (See appendix table 2-27.) The recent 
progress made at the bachelor’s degree level in increas- 
ing participation of underrepresented minorities in S&E 
degrees has not as yet made an impact on advanced 
degree levels. (See figure 2-13.) 

Although their graduate S&E enrollment in U.S. institu- 
tions is beginning to decline, the number of foreign stu- 
dents who earned S&E degrees at the master’s level 
showed continual increases through 1993. This trend is 
in contrast to declining trends of engineering degrees 
earned by foreign students on the bachelor’s level. (See 
Bachelor’s Degrees by Race/Ethnicity in this chapter 
and appendix table 2-19.) In 1993, foreign students 
obtained 35 percent of the master’s degrees in computer 
science and 33 percent of those in engineering, up from 
11 and 22 percent of these respective fields in 1977. (See 
appendix table 2-27.) 


Doctoral Programs in the United States 


In the United States, there has been a review of doc- 
toral programs in S&E by the Committee on Science, 
Engineering, and Public Policy (COSEPUP). The 1995 
COSEPUP report Reshaping the Graduate Education of 
Scientists and Engineers recommended broadening the 
education of doctoral students to meet students’ career 
needs better. The report indicated that the current focus 
of U.S. doctoral programs on research training in a nar- 
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row discipline was appropriate when demand for 
research was rising. Research and development (R&D) 
spending increased rapidly from the late 1970s to the lat- 
ter part of the 1980s, and consequently doctoral R&D 
employment increased by almost 5 percent annually. 
However, only one-third of future doctoral recipients in 
S&E will enter the academic tenure system; two-thirds 
will have nonacademic employment. (See chapter 3, 
Science and Engineering Workforce.) The report con- 
cluded that doctoral course offerings needed to be 
expanded to reflect the diversity and complexity of 
employment options. Future work will require the appli- 
cation of advanced understanding of S&E to societal 
needs. As a result, doctoral students will need more edu- 
cation than training—education in the broad fundamen- 
tals of their fields, familiarity with several subfields, the 
ability to communicate complex ideas to nonspecialists, 
and the ability to work well in teams (COSEPUP, 1995). 
Doctoral degree production in the United States has 
continued to increase in S&E fields since the late 1980s, 
especially from more foreign students seeking advanced 
training in computer science and engineering 
programs.'’ The number of doctoral S&E degrees, which 
was level at about 18,000 degrees from 1975 to 1985, 
increased to more than 25,000 by 1993. However, the 
number of these degrees obtained by U.S. citizens 


‘Data on S&E doctorates granted in the United States are from the 
NSF's Survey of Earned Doctorates (SRS, 1994a). 
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increased only slightly. In 1993, only about 0.4 percent of 
the 29-year-old population in the United States obtained 
a doctoral degree in an S&E field. This percentage has 
remained nearly constant in the past 20 years. 

The share of doctoral degrees obtained by women has 
increased in some fields of S&E, but the low participation 
rates of minority groups have not improved in any S&E field. 
Women accounted for a large part of the growth in natural 
science degrees. The number of doctoral degrees obtained 
by women in these fields increased 6 percent annually from 
1975 to 1993. By 1993, women’s share of the doctoral 
degrees in natural sciences increased to 31 percent. The 
proportion of degrees obtained by women reached 38 per- 
cent in biological sciences in 1993, but remained at 9 per- 
cent in engineering. (See appendix table 2-28.) 

There has been little progress in the number of S&E 
degrees earned by blacks, even though the number of 
29-year-olds continues to grow. Hispanics were awarded 
three times the number of S&E doctoral degrees from 
1977 to 1993, similar to the rate of increase in the size of 
their 29-year-old cohort. However, together, underrepre- 
sented minority groups earned only 4 percent of natural 
science, 2 percent of engineering and computer science, 
and 7 percent of social science doctoral degrees. (See 
appendix table 2-29.) 

Foreign students accounted for a steadily increasing 
proportion of doctoral degrees in S&E from 1985 to 1992, 
especially in mathematics, computer science, and engi- 
neering. By 1993, foreign students on temporary visas 
obtained 44 percent of mathematics and computer science 
doctoral degrees and 50 percent of engineering doctoral 
degrees. (See appendix table 2-29.) If non-U.S. citizens 
with permanent residence in the United States are added 
to foreign students on temporary visas, the percentage of 
doctoral degrees in engineering earned by non-U.S. citi- 
zens would be 57 percent; the percentage in mathematics 
and computer science would be 47 percent. However, the 
proportion of S&E doctoral degrees to foreign students 
declined slightly in 1993. Declining foreign enrollments in 
U.S. graduate engineering programs suggests further 
decreases in the percentage of S&E degrees to foreign stu- 
dents in the next several years (EWC, 1995c). 


Worldwide Doctoral Reforms 
and Comparison of Degrees 


Interest in doctoral education is increasing worldwide, 
with a re-examination of its aims and structure. Reforms 
in doctoral programs in the United States, Europe, and 
Asia are aimed at similar concerns: strengthening and 
expanding doctoral education, as well as making doctor- 
al training relevant to a wider range of occupations than 
just academic careers, and educating highly qualified 
professionals who can solve problems raised by broader 
social and economic issues. The following section will 
present the expansion of S&E doctoral programs and 
changes in their structure in major countries of Asia and 
Europe and in the United States. 


Asian Doctoral Programs 

The scale of graduate education in Japan has been 
small by international standards. Japanese industries 
have traditionally offered little wage incentive for doctor- 
al degrees in relation to bachelor’s degrees and have 
provided needed in-house training for advanced re- 
search. Although industrial laboratories for such 
research were excellent, university research facilities 
were generally out of date. Doctoral reforms of 1989 
called for the expansion and strengthening of graduate 
schools and establishment of a new type of university for 
graduate study. Among the new schools are the 
Graduate University for Advanced Study, the Nara 
Institute of Science and Technology (NAIST), a national 
graduate school for advanced studies in information and 
biological sciences, and the Japan Advanced Institute of 
Science and Technology in Hokuriku (JAIST). NAIST and 
JAIST provide doctoral training in emerging science and 
technology fields, rather than in traditional disciplinary 
areas. Japan’s University Council recommended dou- 
bling the number of graduate students (including for- 
eign students) to train an adequate number of 
researchers. The reforms stressed that the ain. of doc- 
toral programs is no longer limited to training only 
future academic researchers. Doctoral programs are to 
train people with high level abilities capable of working 
in various sectors of society (Yamamoto, 1995). 

During the 1980s, basic research in Japanese universi- 
ties was underfunded.'® As research conditions became 
very inadequate in universities, students became more 
attracted to work in private industry. Japanese compa- 
nies provide superior research facilities in which employ- 
ees can receive research training and prepare a so-called 
thesis doctorate Ronbun Hakase. These researchers sub- 
mit the thesis to their prior university, which awards the 
doctoral degree. One advantage of this type of training is 
its relevance to industrial problems. By 1992, 45 percent 
of the engineering doctoral degrees were earned by 
employees in industry conducting their doctoral 
research in an area of interest to their Japanese firm. In 
that same year, 35 percent of the doctoral degrees in the 
natural sciences were earned by employees within 
Japanese industries (Govt. of Japan, 1995). 

The Ministry of Education, Monbusho, is increasing 
support to universities to improve facilities and greatly 
accelerate doctoral programs in NS&E fields. The annual 
growth for natural science and engineering doctoral 
degrees, respectively, has been 6 and 13 percent from 
1990 to 1993. The number of degrees earned by doctoral! 
students in universities in these combined fields exceed- 
ed 2,500 in 1992.'9 Monbusho provides research funds to 
all national universities based on the number of faculty 
(113 billion yen in 1991, equivalent to about $503 mil- 
lion), plus individual research grarits based on compet- 


‘The General University Fund rose very slowly (Yamamoto, 1995). 
''Total doctoral degrees in these fields, including those earned with- 
in universities and industries, were approximately 4,200 in 1992. 
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itive applications (59 billion yen in 1991, approximately 
$274 million). Monbusho also provides funding for uni- 
versity centers of excellence (4 billion yen in 1991, equiv- 
alent to about $18 million). In addition, the Japan Society 
for the Promotion of Science has increased its compet- 
itive program for fellowships to about 800 young 
Japanese researchers (doctoral students). 

Developing Asian countries, given their conviction 
that economic development is dependent on science and 
technology knowledge and its connection to production, 
are also increasing their capacity to educate scientists 
and engineers at the doctorai level. In 1992, Chinese stu- 
dents obtained more than 1,200 doctoral degrees in 
NS&E fields within Chinese universities, nearly 
approaching the number obtained by Chinese foreign 
students within U.S. universities (1,500). (See Foreign 
Students in U.S. Universities, Foreign Students in 
European Universities, and Foreign Students in 
Japanese Universities in this chapter.) South Korea is 
also interested in improving graduate education. The 
recently established Pohang University of Science and 
Technology (POSTECH) is one of the foremost S&E insti- 
tutions of higher learning in Korea, with several engi- 
neering centers of excellence. POSTECH, funded by 
private industry, is seeking to establish first-class sys- 
tems engineering education so that the graduates would 
have more capacity for innovative product design. 
Korean universities awarded more than 1,000 NS&E doc- 
toral degrees in 1992 (SRS, 1993b). 


European Doctoral Programs 

Major European countries have reformed their doctor- 
al programs to augment, improve, and accelerate their 
training of scientists and engineers. Anticipating the need 
for highly trained personnel for emerging industries, 
German universities have accelerated the formation of 
scientists and engineers. S&E doctoral degrees in the for- 
mer West Germany grew faster than overall doctoral 
degrees between 1975 and 1992. The number of natural 
science degrees increased 5.1 percent annually; engineer- 
ing increased 4.8 percent annually, and overall degrees 
increased 3.4 percent annually during this 17-year period 
(SRS, forthcoming). The number of NS&E degrees at the 
doctoral level accelerated in the second half of the 1980s. 
(See figure 2-14.) The large increase between 1989 and 
1990 reflects the inclusion of doctoral degrees from the 
former East Germany. (See appendix table 2-30.) 

The number of doctoral degrees in Germany reached 
a plateau in the 1990s, as the Ministry of Education 
restructured doctoral programs in the former East 
Germany, as well as throughout the country. Degree 
data for the former East Germany show a large drop-off 
in S&E doctoral degrees between 1990 and 1992. The 
number of natural science degrees declined by nearly 50 
percent, from almost 900 in 1990 to fewer than 500 in 
1992. The number of engineering doctoral degrees 
awarded declined by almost two-thirds, from 1,100 in 
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1990 to 400 in 1992 (Govt. of Germany, 1994). 

Germany is also concerned about the ability of doctor- 
al education throughout the entire country to provide 
the highly trained personnel needed for universities and 
emerging industries. In traditional programs, German 
doctoral candidates have no formal admission procedure 
or organized program of course requirements. The doc- 
toral research is supervised by the professor who 
accepts the candidate. German doctoral programs re- 
quire long-term commitments, an average of 10 years, 
and have low completion rates. In response to these con- 
cerns, Germany began an experiment in 1989 with a new 
structure for doctoral training called the Graduierten- 
kollegs. Students at these institutions have considerably 
more interaction with faculty and participate in interdis- 
ciplinary study and research groups. The primary goals 
of Graduiertenkollegs are (1) to increase the number of 
trained doctorates; (2) to improve the quality of research 
training by providing a more suitable environment; (3) to 
prepare students for nonacademic employment; and (4) 
to encourage innovative interdisciplinary work (Nerad, 
1994). About 10 percent of the doctoral students partici- 
pate in this experimental program. 

Likewise, France undertook a reform of doctoral stud- 
ies in 1988 in an effort to double the number and improve 
the quality of S&E doctoral degrees within 8 years. The 
recent establishment of the Technological University of 
Compiegne has helped to increase the number of engi- 
neering doctoral programs (Govt. of France, 1994a). The 
number of S&E doctoral degrees increased from 6,000 in 
1989 to 8,200 in 1992, nearly a 27-percent increase. These 
gains, particularly in mechanical, process, and civil engi- 
neering, have been supported through increased govern- 
ment funding of research assistantships for doctoral 
students. In addition, collaboration between industry and 
university helped fund doctoral students and provide dis- 
sertation research opportunities in innovative areas of 
interest to private industry. 


2-22 ¢ 


Women in France earn higher percentages of doctoral 
degrees in most NS&E fields than women in other 
European countries or in the United States. (See text 
table 2-8.) 

Pressures for reform of the doctoral program in the 
United Kingdom began in the early 1980s with a report 
on graduate education of the Advisory Board for the 
Research Council. This report criticized the lengthy time 
to degree, overly ambitious thesis topics, and poor com- 
pletion rates, particularly in the social sciences. In 1990, 
the then Science and Engineering Research Council*’ 
report on graduate engineering education (the Parnaby 
Report) criticized the doctoral engineering program as 
being too narrow and academic. The council! called for 
greater industry involvement in the training of engineers 
(Burgess et al., 1995). 

British doctoral programs have traditionally been 
based entirely on research; course work was not a part 
of the program. Doctoral candidates completed the pro- 
gram under the guidance of a supervisor. U.K. universi- 
ties are changing somewhat from this traditional 
apprenticeship model. Aspects of the U.S. system of doc- 
toral training, such as the teaching of research skills 
through course work and the emphasis on academic col- 
laboration during the training process, have been inte- 
grated. For U.K. doctoral students, formal interaction 
with supervisors has become much greater, and natural 
science students often join a research team. Students are 
also encouraged to complete the master’s program of 
course work before entering a doctoral program. 

Responding to the criticism cited by the Parnaby 
Report regarding the narrow nature of academic train- 
ing, the Research Councils are experimenting with pri- 


“Research Councils in the United Kingdom have been reorganized 
to six councils. 
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vate industry’s involvement in doctoral training. Under 
the Cooperative Awards in Science and Engineering 
scheme, industrial companies collaborate with academic 
departments on specific projects and provide financial 
support. The U.K. White Paper on Science and 
Technology of 1993, Realizing Our Potential, emphasized 
the critical links between universities and industrial R&D 
and encouraged training partnerships between these 
organizations (Govt. of United Kingdom, 1923a). 

In the United Kingdom, the number of doctoral 
degrees in fields of S&E did not grow as fast as overall 
doctoral degrees from 1975 to 1992. Doctoral degrees in 
all fields grew at a rate of 2.7 percent annually. The num- 
ber of natural science degrees grew 2.3 percent annually, 
from 2,000 degrees in 1975 to 3,000 degrees in 1992. The 
number of engineering degrees grew 1.3 percent annual- 
ly, from 1,000 degrees in 1975 to 1,300 degrees in 1992. 
Women represented 27 percent of the natural science 
doctoral degrees and 11 percent of the engineering doc- 
toral degrees. (See appendix table 2-30.) 


International Comparison of Doctoral Degrees 

Collectively, the European countries produce consid- 
erably higher numbers of doctoral degrees in NS&E 
fields than the North American region. In 1992, 
European countries, for which data were available, pro- 
duced more than 25,000 NS&E degrees at the doctoral 
level, nearly 30 percent higher than the North American 
doctoral degrees in these fields and more than twice as 
many as Asian countries. (See text table 2-9.) 

Although the scale of S&E doctoral programs in Asian 
countries is s:nall in comparison with Europe and the 
United States, the growth rate in these programs, 6 per- 
cent annually, is higher than U.S. or European doctoral 
programs. Japan is significantly increasing its production 
of doctoral degrees in NS&E, in part by attracting Asian 


Text table 2-8. 
Percentage of S&£ doctoral degrees earned by women in selected countries, by field: 1992 
ee - _ 
4 United United 
Fats France Germany Kingdom States 
Percent 
7.1 12.7 12.1 
21.0 24.5 26.2 
18.0 17.9 19.4 
83 13.4 15.8 
19.0 31.3 37.1 
22 5.9 72 
3.9 10.3 6.7 
48 5.7 3.9 


Superieur et de la Recherche, Rapport sur les Eiudes Doctoraies (1994), Government of the 
Prufungen an Hochechuten (1994), Government of United Kingdom, Universities 
@; Science Resources Studies Division, National Science Foundation, Selected Data on Science and 
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Text table 2-9. 
Doctoral degrees in S&E, by region: 1982 
North 
Field Asia Europe America 
All doctoral 
Gegress........... 25,580 47,128 42,701 
Netural sciences & 
engineering ........ 11,223 25,068 19,449 
Natural sciences.... 6,593 18,796 13,344 
Engineering ....... 4,630 6,283 6,105 
Social sciences ..... 544 4,195 7,423 


See appendix table 2-31 for countries in each region. 
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foreign students to Japan’s doctoral programs through 
generous support. Also, improving the laboratory facili- 
ties of Japanese universities and building up centers of 
excellence have had a positive effect on the growth rate. 


International Comparisons 
of Foreign Students 


Foreign Students in U.S. Universities 

The United States is one of several nations that has 
trained future researchers and educators in S&E for 
other countries around the world. Foreign students com- 
prise only 3 percent of total enrollments in U.S. higher 
education, but they are concentrated in fields of S&E, 
particularly in advanced degrees. Foreign students 


Text table 2-10. 


wen een ements 


accounted for the large growth in master’s and doctoral 
degrees in S&E fields over the past 15 years. Nearly half 
of the approximately 400,000 foreign students enrolled in 
1991-92 were studying S&E fields. (See text table 2-10.) 

For some of the Asian countries, however, the per- 
centage studying S&E fields is even higher. Two-thirds 
of the students from China and India enrolled in U.S. uni- 
versities major in S&E, mainly at advanced levels. (See 
text table 2-11.) Japan is the exception. The majority of 
Japanese students come at the undergraduate level and 
study either business management or social sciences. 
Few Japanese study natural science or engineering fields 
in the United States. 

The participation rate for foreign students in S&E 
degrees in U.S. universities rises by level of degree. 
Thus, although foreign students obtain only a small frac- 
tion of S&E bachelor’s degrees, they obtain 25 percent of 
the master’s degrees and 47 percent of the doctorates. 
These percentages differ by fields of science. (See figure 
2-15 and appendix tables 2-19, 2-27, and 2-29.) 

The number of S&E master’s degrees obtained by for- 
eign students from U.S. universities more than doubled 
in the past 16 years, from approximately 8,000 in 1977 to 
20,000 in 1993. (See figure 2-16.) The majority of these 
master’s degrees are in engineering fields. (See 
appendix table 2-27.) For U.S. citizens and permanent 
residents, the number of master’s degrees in S&E fields 
showed minimal change over this time, growing from 
56,000 in 1977 to 61,000 in 1993. 

In this same period, S&E doctoral degrees obtained by 
foreign students from U.S. universities tripled, from 
2,600 degrees in 1977 to more than 8,000 degrees in 
1993. (See figure 2-17 and appendix table 2-29.) In con- 
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Text table 2-11. 
Asian sti dents in U.S. universities, by level and field: 1991-92 
— Percent 

i kavesaeeee 42,941 13.7 83.2 44.1 20.9 
i é i690 6 6¢-9 4 40,700 70.0 18.2 7.0 3.7 
Taiwan.......... 35,552 26.6 68.3 23.7 22.4 
a 32,534 18.8 79.0 28.3 38.8 
South Korea....... 25,719 31.7 60.8 20.2 15.8 


SOURCE: institute of international Education (N€), Profiles 1991-92, Detailed Analyses of the Foreign Student Population, (New York: iE, 1993). 
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Percent of science and engineering degrees awarded to foreign students: 1977 and 1993 


Bachelor's 
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M1993 


Master's 


Doctorate 
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NOTE: Foreign students on temporary visas. 
See appendix tables 2-19, 2-27, and 2-29. 


trast, the number of S&E doctoral degrees awarded to 
U.S. citizens and permanent residents remained almost 
stable, growing at only 0.2 percent annually, from 15,000 
in 1977 to 16,000 in 1993. 

S&E doctoral degrees obtained by Asian foreign stu- 
dents more than tripled in the past ducade, from 1,600 in 
1983 to almost 5,600 degrees in 1993. (See figure 2-18 
and appendix table 2-32.) The approximately 2,000 engi- 
neering degrees obtained by Asian foreign students rep- 
resented 36 percent of the total doctoral degrees 
awarded in U.S. universities in 1993. The 2,800 doctoral 
degrees in natural sciences, mathematics, and computer 
sciences obtained by Asian foreign students represented 
more than one-quarter of all doctoral degrees awarded in 
these fields from U.S. universities in that vear. 
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Foreign Students in European Universities 

Currently, three European countries educate a consid- 
erable number of foreign students: France, Germany, 
and the United Kingdom, in order of the number of for- 
eign students enrolled (UNESCO, 1994). Foreign stu- 
dents represented between 5 and 7 percent of the total 
enrollments in higher education in these three countries 
in 1990-91. (See text table 2-12.) 

Traditionally, the regions from which these European 
countries received their foreign students reflected their 
colonial history; France received the majority of foreign 
students from Africa; the United Kingdom from the 
Commonwealth countries in Asia; and Germany from 
Eastern Europe and the Middle East. Today, however, 
France, Germany, and the United Kingdom receive a 
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Figure 2-16. 
Master's degrees received in S&E by foreign 
students in U.S. universities 
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NOTE: Data for 1963 interpoiated linearly from 1961 and 1965 data. 
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Figure 2-17. 
Doctoral degrees in S&E obtained by foreign 
students in U.S. universities 


8,000 
7,000 
#,000 
5,000 
4,000 
3,000 
2,000 
1,000 

0 


1977 1979 1081 1083 19805 1967 1909 1901 1953 
See appendix table 2-29. Science & Engineering indicators - 1996 


great percentage of their foreign students from the coun- 
tries of the European Union. (See text table 2-13.) 
Foreign students in Germany receive about 12 percent 
of all engineering doctoral degrees and about 7 percent 
of the natural science doctoral degrees. These percent- 
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ages have remained relatively stable over the past 
decade (Govt. of Germany, 1994). (See figure 2-19 and 
appendix table 2-33.) 

Foreign students earn one out of three doctoral 
degrees in France in all fields of science, with variations 
among fields. In 1992, they earned less than 20 percent 
of the medical degrees, but 44 percent of the mathemat- 
ics and 41 percent of mechanical, process, and civil engi- 
neering doctoral degrees. About half the foreign doctoral 
recipients in the natural sciences and engineering stay to 
work in France. The return rate of foreign doctoral recip- 
ients to their home country differs by field; in 1992, only 
44 percent with mathematics degrees returned, but 80 
percent of those with degrees in earth, atmospheric, and 
oceanographic sciences returned (Govt. of France, 
1994a). 

Half of U.K. doctoral degrees in engineering and 
the social sciences are obtained by foreign students. 
More than one-quarter of the U.K. doctoral degrees 
in natural sciences are earned by foreign students. 
(See figure 2-19.) 


Foreign Students in Japanese Universities 

The recruitment of top foreign students and more 
salaried appointments for foreign researchers is part of 
Japan’s efforts to improve its graduate schools and ue, ~- 
op centers of excellence for basic research. The Ministry 
of Education, Monbusho, is financing support in order to 
attract more foreign researchers and provide postdoctor- 
al fellowships for young foreign researchers. 
Scholarships are offered in master’s and doctoral pro- 
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Text table 2-12. 
Foreign student enroliments in higher education in the United States and selected European countries 
Enroliments in Foreign 

Country Year higher education students Percent 

United States rere 12,670,121 349,610 28 
Dl ntebdus a eeice 14,527,881 419,585 29 

France Ds sccsssceveas 1,289,942 126,762 98 
DT cccesnees séee 1,840,307 136,963 74 

Germany iss, eeedetees 1,550,211 79,354 5.1 
aay 1,933,602 107,075 55 

United Kingdom 0 ee 1,032,491 53,694 52 
i eee 1,258,188 80,183 6.4 


SOURCE: UNESCO, Statistical Yearbook (Paris, 1994). 
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Text table 2-13. 
Foreign student enroliments in higher education in selected European countries, by region of origin 
North South 

Country Year Total Africa America America Asia Europe 
— Number 

France «ae 126,762 72,270 5,830 4,188 21,762 21,427 
1992 ...... 138,477 74,941 5,636 4,356 20,521 31,957 

Germany re 79,354 4,614 5,272 2,578 33,041 32,303 
SP eseses 116,474 7,916 5,505 3,385 50 132 47,175 

United Kingdom 1985 ...... 53,694 10,248 6,121 25,800 9,814 
Fe 88,141 9,325 7,578 1,471 33,091 34,120 

— Percent 

France 1986 ...... 100.0 57.0 46 3.3 17.2 16.9 
1992 ...... 100.0 54.1 41 3.1 14.8 23.1 

Germany Se oscces 100.0 5.8 66 3.2 416 40.7 
St Hecese 100.0 68 47 29 43.0 405 

United Kingdom a 100.0 19.1 11.4 15 48.1 18.3 
ee 100.0 10.6 86 1.7 37.5 38.7 


NOTE: Details may not add to totals because of rounding. 
SOURCE: UNESCO, Statistical Yearbook (Paris, 1994). 


grams at the University of Tokyo. Asian foreign students, 
mainly from China and South Korea, have sustained the 
Japanese doctoral degree programs within the universities. 
The government's plan is to accept 100,000 foreign stu- 
dents for enrollment at universities by the year 2000. The 
recruiting area includes all the Indian Institutes of 
Technology, Chinese universities in Beijing and Shanghai, 
and universities in Pakistan, Bangladesh, Thailand, 
Indonesia, and Sri Lanka. Doctoral programs are often in 


Science & Engineering indicators - 1996 


English, and the generous scholarships, available primarily 
to foreign students, are considered an investment. It is 
assumed that these graduates will serve as a bridge 
between the businesses of their countries and those of 
Japan (Nishino, 1992). The Monbusho scholarships for doc- 
toral programs provide additional support for 5 years after 
the doctorate so that foreign students will be able to visit 
their major professor. In 1993, foreign students obtained 
almost 40 percent of the doctoral degrees awarded in NS&E 
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Figure 2-19. 
International of doctora! degrees in natural sciences and engineering 
obtained by foreign students 
Natura! sciences Engineering 
60 50 40 30 20 10 0 0 10 20 30 40 50 60 
Percent Percent 


"Data for Japan combine natural sciences and engineering. 
See appendix table 2-33. 


fields within Japanese universities*! (Govt. of Japan, 1994). 
(See figure 2-19.) 


Who Benefits from Educating Foreign 


Students in Science and Engineering? the United States: 1982 
In 1992, Chinese foreign students earned more than 6,000 
1,900 NS&E doctoral degrees in U.S. universities (SRS, 
1994a). This represents more S&E doctorates being 5.240 
earned in U.S. universities by Chinese students than in 5,000 Engineering-U S. universities 


Chinese universities. (See figure 2-20 and text table 2-14.) 

Some of the benefits to the United States are in the 
intellectual capital that these students bring to U.S. uni- 
versity departments of S&E. Foreign doctoral students 
who work their way through graduate school with 
research assistantships contribute to U.S. research per- 
formed by universities. Those who remain for postdoc- 
toral training in the United States contribute to the U.S. 
basic research infrastructure. 

The country of the foreign doctoral student benefits as 
well. Young scholars receiving doctoral training in the 
United States can make contributions to science infra- 
structure in their own countries, in research and teach- 
ing. The actual contribution they can make depends on 
the economic opportunities and science policies of the 
countries. South Korea apparently has the greatest 
capacity to absorb high-level S&E personnel trained in 
the United States. Korean foreign students have the low- 
est rate for staying in the United States after completion 
of their doctoral degree. 


“'These data exclude doctoral awards for research in Japanese 
industries. 


4,000 


3,201 


Natural sciences—U S_ universities 


Engineering—within country 
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Text table 2-14. 
Doctoral degrees in natural sciences and engineering awarded to Asian foreign students in U.S. universities and 
within country, for selected Asian countries: 1992 


Within country U.S. universities 
Country Natural sciences Engineering Natural sciences Engineering 
I ee 473 823 1,432 473 
Ee 3,665 715 455 405 
Ee 1,165 1,153 107 25 
South Korea......... 459 552 682 437 
EEE 163 264 598 638 


SOURCES: For within country degrees, see chapter 2 references. For degrees to Asian foreign students in U.S. universities, see Science Resources Studies 
Division, National Science Foundation. Selected Data on Science and Engineering Doctorate Awards: 1993. NSF 94-318 (Arlington, VA: NSF, 1994). 
See figure 2-20. Science & Engineering indicators — 1996 


Stay Rates of Foreign Doctoral 


Recipients in the United States Text table 2-15. 

The Survey of Earned Doctorates (SED) annually elic- S&E doctoral earned by foreign students, 
its from foreign students both their plans to locate in the and their plans to stay in the United States: 
United States, as well as any firm offers they have 1968-92 
received to do so.“ These trend data on intent to stay are Doctoral Plan to stay 
supplemented by a new study on the percentage of for- Fregion/country degrees in U.S." 
eign doctoral recipients working and receiving wages in — Number— —Percent — 
the United States several years after completing their Asia............. 18,599 NA 
degrees. 5,648 75.7 

. ’ —— Taiwan.......... 5,007 43.7 

Foreign students’ plans to locate in the United States South Korea...... 4,567 33.4 
after earning a doctoral degree in an S&E field differ india........... 3,377 72.4 
widely by field as well as by their country of origin. 

Among Asian countries, a high proportion of Chinese and Europe .......... 4,083 NA 
Indian foreign students who received doctoral degrees in —— ET ll = 4 9 
S&E fields from 1988 to 1992 (around three-quarters) Germany . _ fag 542 42.4 
planned to locate in the United States. Also, a high pro- 341 37.3 
portion of foreign students from the United Kingdom and France.......... 312 33.2 
the East European countries planned to locate in the Other Western 

United States in this period. (See text table 2-15.) ——- —_ oe 40.5 

The SED survey shows that a smaller percentage of counwies........ 302 34.7 
those planning to stay in the United States have received East European 
firm offers to do so. Of the 8,000 foreign students earn- countries........ 402 60.3 
ing S&E doctoral degrees in U.S. universities in 1993, 

North America ..... 1,826 NA 


about 30 percent of them received firm offers to remain 


in the United States after completing their program. Mexico.......... 556 33.1 
These firm offers were from three sources: 

¢ About 400, or 5 percent, received firm offers for 

academic employment; 

¢ Almost 500, or 6 percent, received firm offers for 

industrial employment; and 

e A larger group, almost 1,500, or 18 percent, obtained 

a postdoctoral research appointment for 1 year. (See 
text table 2-16.) 

The overall percentage of foreign students receiving 
firm offers to remain in the United States has been stable 
(between 30 and 35) in the past several years. But firm 
offers to stay in the United States show large variation 
among individual countries. About 50 percent of Chinese 


NOTE: Foreign students on temporary visas only. 

"Intention to locate in the United States is provided in the annual 
Survey of Earned Doctorates. A smaller percentage has a firm offer to 
stay in the United States, mainly for a 1-year postdoctoral appointment. 
See appendix table 2-34 for “firm plans” to stay, by field and country, 
various years. , 


“Data in this section are derived from the NSF's Survey of Earned 
Doctorates (SRS, 1994a). 
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Text table 2-16. 
remalt in the Un yee 
in the United by fleid: 1963 
Neturel Social Eng 
SBE sciences sciences neering 
Total, recipients ......... 6,087 4,057 1247 2,783 
Total, plans in 
United States .......... 2464 1518 252 604 
Postdoctoral research .. 1,463 1,127 55 281 
University employment . 416 188 138 89 
industrial employment... 481 165 15 301 
ED heiead$04 0o0 104 38 43 23 
Total, plans in 
United States.......... 35 374 22 249 


NOTE: Details may not add to totais because of rounding. 


SOURCE: Science Resources Studies Division, Netional Science 
Foundation. Selected Data on Science and Engineering Doctorate 
Awards: 1993. NSF 94-318 (Arlington, VA: NSF, 1994). 

Science & Engineering indicators - 1996 


and Indian doctoral recipients from U.S. universities have 
firm offers for postdoctoral training or employment in a 
university or industry. In contrast, less than 20 percent 
of South Korean foreign doctoral recipients have firm 
plans to remain in the United States. These percentages 
of S&E foreign doctoral recipients remaining in the 
United States are somewhat higher in the natural sci- 
ences and somewhat lower in engineering. For example, 
only 15 percent of foreign students from South Korea 
who obtain a doctoral engineering degree from a U.S. 
university have firm plans to remain in the United States. 
(See appendix table 2-34.) 

A recent study of foreign doctoral recipients working 
and earning wages in the United States (Finn et al., 
1995) shows that about 42 percent of the foreign stu- 
dents who earned doctorates in 1984 were working in 
the United States in 1992. The percentages are higher in 
the physical sciences and engineering, and lower in the 
life sciences and social sciences. Of the foreign students 
who received their S&E degree in 1987-88, about 41 per- 
cent were working in the United States in 1992. For 
these more recent graduates, a smaller percentage of 
engineering doctoral recipients were still working in the 
United States in 1992 compared with the earlier study. 
(See figure 2-21 and appendix table 2-35.) 

Analysis of foreign students employed in the United 
States by country of origin confirms the SED survey data. 
A large percentage of the 1987-88 foreign doctoral recip- 
ients from India and China were still working in the 
United States in 1992: more than three-quarters of those 
from India and two-thirds of those from China. In con- 
trast, only 20 percent of South Koreans who completed 
engineering doctorates from U.S. universities in 1987-88 
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were working in the United States in 1992. (See 
appendix table 2-36.) 

Not every foreign student who receives a firm offer to 
stay in the United States does so. Factors that influence 
foreign doctoral recipients to return home are offers 
from their home country to set up a first-rate laboratory 
in their field of specialty, the chance to expand science in 
their own country, and family considerations.” The avail- 
ability of housing, the quality of schools for their chil- 
dren, the political environment, and free press also 
influence their decisions. What facilitates the decision to 
return home and set up a national laboratory is the 
opportunity to continue research collaboration with their 
major professor. It is important that these foreign stu- 
dents do not feel cut off from first-rate science. A visit 
once a year with their major collaborator for research 
and advice is helpful while they are building the facilities 
for the particular research directions in which their 
country can make a unique contribution. 

As emerging countries expand their capacity to educate 
at the doctoral level, it is expected that fewer foreign stu- 
dents will come to the United States to be educated, as was 
indicated in the 1993-94 graduate S&E enrollment data. 
Previously, increasing national capacity showed a direct 
relationship to sending students abroad. (See figure 2-22 
and appendix table 2-37). However, there is now growing 
Capacity to educate in situ (SRS, 1993b; forthcoming), and 
the major support mechanism for foreign doctoral students 


23Unpublished interviews are from National Science Foundation, 
International Cooperative Research Program, 1978-88. 
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in S&E fields (research assistantships) is being constrained 
by reductions in rates of growth in both Federal and state 
research funding to universities. (See appendix table 2-38 ) 

Countries do not send students abroad in large num- 
bers. Only 5 percent of the 42,000 Chinese students in U.S. 
universities (mainly in engineering graduate programs) 
are on Chinese government support. Students come to 
U.S. universities for a good education, for a prestigious 
credential, and because the current structure has offered 
research assistantships at the doctoral level. The vast 
majority of foreign dectoral students have been supported 
by research assistantships and teaching assistantships. 
(See Major Sources of Financial Support in this chapter.) 
The numbers of S&E doctoral students will not increase in 
universities with shrinking research funding. As Federal 
and state research funding constraints at universities 
decrease the number of research awards available in cer- 
tain S&E fields, the number of research assistantships will 
decrease and fewer foreign students will be able to obtain 
an S&E doctorate in the United States. 


Major Sources of Financial Support 


Support for Overall Graduate Students in 
Science and Engineering Fields 


The number of overall S&E graduate students being 
supported by all sources continued to rise, but in certain 
fields, the number of students being supported leveled 
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off or began to decline in the 1992-93 period. In the 
physical sciences, the number of students being support- 
ed increased from 1983 to 1992, but leveled off in 1993. 
The number of graduate engineering and mathematics 
students being supported increased from 1982 to 1992, 
but decreased in 1993.4 In contrast, the number of stu- 
dents supported in the biological and social sciences 
increased over the entire period, from 1983 to 1993. 
There were also some trend changes in the sources and 
mechanisms of support. 


Support by Source 

In the NSF annual fall survey of Graduate Enrollment 
and Support, departments report the major source of 
support for each student, including Federal, nonfederal, 
and self-support. The reporting by the departments of so- 
called Federal sources includes only direct Federal sup- 
port to a student. It omits major, indirect Federal support 
in the form of research funds to universities, which pro- 
vide for graduate research assistantships. This support 
of students by federally funded research assistantships 
would show as institutional (nonfederal category) sup- 
port, since the university chooses which of the 330,000 
full-time graduate students they will support under the 
Federal research funds. (See figure 2-23 and appendix 
table 2-39.) Note that the Federal contribution to student 


“Decreasing support is in fields in which foreign students are most 
highly represented. 
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support through assistantships provided to universities 
is underestimated. On the average, about 50 percent of 
institutional support is Federal; 50 percent is from states, 
but wide variations occur among individual states. 

The decade-long trend of steady increases in overall 
Federal support of graduate students in S&E continued, 
but there were decreases in select fields and in select 
agencies. The number of graduate students in science 
being primarily supported by Federal agencies rose from 
30,000 in 1983 to 43,000 in 1993, an annual increase of 
almost 4 percent. In the physical sciences, however, the 
number of students supported by the National Science 
Foundation and U.S. Department of Defense declined 
from 1988 to 1993. In fields of engineering, Federal sup- 
port increased from 11,000 students in 1985 to 17,000 in 
1993, an average annual increase of 5 percent. (See fig- 
ure 2-24 and appendix table 2-40.) 

Nonfederal sources of support for science students 
also continued throughout this time, but at 2 percent 
annually, the growth rate was lower than that for 
Federal sources. Only in the nonfederal sources of sup- 
port for engineering did the number of students being 
supported level off from 1991 to 1993 (at around 35,000), 
after a decade of 5-percent annual increases in the num- 
ber of engineering students being supported. In 1993, 
nonfederal sources slightly decreased the number of 
students supported in electrical, chemical, and mechani- 
cal engineering. 

The number of students who were self-supporting 
increased 6 percent annually from 1988 to 1993, reaching 
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30 percent of graduate S&E students in 1993. Large varia- 
tions exist across different fields. Only 7 percent of the 
physical science students were self-supporting. In con- 
trast, 44 percent of graduate computer science students 
surveyed were self-supporting in 1993. In addition, 43 
percent of the social science students, 37 percent of civil 
engineering students, and 47 percent of industrial engi- 
neering students were self-supporting. (See appendix 
table 2-40.) 


Support by Mechanism 

There is growing concern that major government 
support of graduate students is being accomplished 
through research assistantships. This form of support 
focuses doctoral programs on the training needs of the 
funded research projects, rather than on the broader 
educational needs of the students. The Committee on 
Science, Engineering, and Public Policy of the National 
Academy of Sciences has recently recommended shift- 
ing graduate student support to education/training 
grants (COSEPUP, 1995). The support of students 
through traineeships and teaching assistantships has 
grown very slowly (1 percent annually) from 1983 to 
1993. (See figure 2-25 and appendix table 2-38.) 

Research assistantships were still the dominant mecha- 
nism of support for S&E graduate students in 1993, particu- 
larly for graduate students in fields of physical sciences (40 
percent), earth, atmospheric, and oceanographic sciences 
(42 percent), biological sciences (41 percent), and engi- 
neering (38 percent). However, the long-term trend of 
high annual growth rates in the numbers of these assis- 
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tantships stopped in 1992-93. Almost 90,000 students 
received their primary support from research assis- 
tantships in 1993, about half from Federal sources and half 
from nonfederal.” From 1983 to 1992, S&E graduate stu- 
dents with research assistantships as their primary source 
of support grew more than 5 percent annually; from 1992 
to 1993, however, the growth rate was less than 1 percent. 
Fellowships and research assistantships from various 
sources have recently leveled off or declined. Direct 
Federal fellowships, which had increased at more than 
11 percent annually between 1988 and 1992, decreased 
slightly in 1993. National Science Foundation fellowships 
followed this pattern, increasing from 1987 to 1992, and 
slightly decreasing in 1993. Nonfederal research assis- 
tantships were the major source of support for an 
increasing number of students from 1983 to 1992, but 
leveled off in 1993. Research assistantships from the 
National Science Foundation also leveled off in 1993. 


Sources of Support for Foreign 
Students in the United States 


Approximately half of all foreign students in 1992-93 
were enrolled in undergraduate levels: 50,000 in associate 
degree programs and 160,000 in bachelor programs. These 
students generally pay tuition—a high percentage of them 
have been recruited to private schools. (About 34 percent 
of foreign students attend private schools; only 17 percent 
of U.S. students attend private schools.) An estimate of the 
total dollar amount paid by foreign students for tuition and 
living expenses (based on an average amount of $16,400 for 
tuition and living expenses for 365,000 foreign students) is 
$6 billion per year for their study in the United States. 

Another 193,000 foreign students were enrolled in 
graduate schools in 1992-93, approximately 100,000 of 
them studying S&E for a master’s or doctoral degree. 
Foreign students within this pool, particularly at the doc- 
toral level, account for those receiving university funds 
as their primary source of support. These foreign stu- 
dents are working their way through school by qualify- 
ing, through their academic standing, to receive 
teaching assistantships and research assistantships. 

The majority of funding support for foreign students at all 
levels of higher education is from non-U.S. sources. In 1993, 
two-thirds of the foreign students in the United States said 
their families were their primary source of support. (See fig- 
ure 2-26 and appendix table 2-41.) An additional 8 percent of 
funding comes from their home governments, universities, 
and foreign private sponsors. U.S. sources are the primary 
funding support for 24 percent of foreign students. This sup- 
port is provided by U.S. colleges and universities (19 per- 
cent), the U.S. Government (2 percent), and U.S. private 
sponsors (3 percent); 2 percent of foreign students cite 
employment as their primary support source (IIE, 1993). 


*°Nonfederal sources are mainly academic institutions that provide 
research assistantships from the research funds received from state, 
local, and Federal sources. 


Chapter 2. Higher Education in Science and Engineering 


Figure 2-26. 
Foreign students in ali leveis and fields of U.S. 
higher education, by sources of support: 1991 


—— 
See appendix table 2-42. Science & Engineering indicators - 1906 
In striking contrast, U.S. sources are the primary 


funding support of 80 percent of all foreign S&E stu- 
dents at the doctoral level.*° (See figure 2-27 and 


“Data on primary source of support at the doctoral level are from 
the SRS/NSF Doctorate Records File (SRS, 1995a); data on foreign stu- 
dent support at all levels are from IIE (1993). 
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appendix table 2-42.) Since U.S. universities had rising 
research budgets in the 1980s, they were able to offer 
research assistantships to S&E doctoral students— 
regardless of citizenship—in NS&E fields. Foreign doc- 
toral S&E students are concentrated almost exclusively 
in these fields. More than three-quarters of foreign S&E 
doctoral students receive their primary funding support 
in the form of either research assistantships (including 
some research funds to universities from Federal 
grants), teaching assistantships, or university fellow- 
ships. Only 3 percent comes from Federal fellowships or 
traineeships, which, for the most part, are not open to 
foreign students. About 20 percent of foreign doctoral 
S&E students cite various forms of self-support (family, 
loans, earnings, and spouse’s earnings) as their primary 
funding support. 


Conclusion 


The diffusion of science and engineering knowledge 
throughout the world is partly based on greater access 
to higher education in several geographic regions and to 


the large number of foreign students who obtained an 
S&E education in advanced industrialized countries over 
the past decade. In the United States, this broader 
access is reflected in the increasing number and propor- 
tion of S&E degrees earned by women and minorities. 
But greater access to S&E education in several Asian 
and European countries also means that the majority of 
scientists and engineers are educated and reside outside 
the United States. China will be the main educator and 
supplier of engineers at the bachelor’s degree level in 
the Asian region, and Japan is beginning to assume a 
greater role in the advanced education of scientists and 
engineers in this region. The United States is one of sev- 
eral countries with a large proportion of foreign students 
in its doctoral programs. However, the number of for- 
eign students studying S&E fields in the United States 
seems to have peaked in 1992. Besides increased access 
to within-country education and study abroad, the diffu- 
sion of S&E knowledge is fostered by emerging reforms 
of doctoral programs in science and engineering in all 
major countries. These reforms are designed to educate 
people who are more able to utilize new knowledge and 
discoveries to address societal needs. 
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HIGHLIGHTS 


LABOR MARKET EXPERIENCE 
@ In 1993, recent college graduates encountered a 


job market that was more favorable than for the 
general labor force. The 1993 unemployment rates for 
students who graduated in either 1991 or 1992 were 4.4 
percent for bachelor’s degree recipients and 3.5 percent 
for master’s degree recipients. By comparison, the 
unemployment rate for the U.S. labor force, as a whole, 
in 1993 was much higher at 6.8 percent. 


With few exceptions, salaries are higher for sci- 
ence and engineering (S&E) graduates than for 
non-S&E graduates at each degree level. This is 
true even in the relatively lower paid life and social 
sciences fields. S&E doctorate holders earn 23.0 per- 
cent more than S&E master’s/professional degree 
holders and 42.9 percent more than S&E bachelor’s 
degree holders. Median salaries for S&E doctorate 
holders rise steadily with years since completion of 
the doctoral degree. 


Most people with degrees in science and engi- 
neering work at jobs at least somewhat related 
to their degrees. A majority (52.8 percent) of those 
with bachelor’s degrees in engineering work as engi- 
neers; just 19.4 percent work in an unrelated non- 
S&E occupation. The social sciences have the lowest 
proportion of bachelor’s graduates working in the 
same field as their degree (1.5 percent); however, 
many of these graduates work in what they describe 
as Closely related fields; only 34.9 percent work in an 
unrelated non-S&E occupation. 


SELECTED CHARACTERISTICS OF POPULATION 
@ A majority of S&E doctorate holders work in the 


same field as their degree—ranging from 57.4 
percent in the life and physical sciences to 74.3 
percent in mathematics/comruter sciences. 
Also, large numbers of S&E doctorate holders work 
in other fields of science or in various non-S&E occu- 
pations. Notably, in the physical sciences, 15.8 per- 
cent of Ph.D. holders work in some other S&E field. 
The percent of doctorate holders working in a non- 
S&E occupation unrelated to the field of their highest 
degree ranges from 8.3 percent in mathematics/com- 
puter sciences to 19.8 percent in the life sciences. 


In 1993, recent S&E doctorate recipients in 
sociology, geoscience, physics/astronomy, and 
mechanical engineering were more likely to be 
working outside their field or part-time (in 
either case, not by choice) than recent S&E doc- 
toral recipients in other fields. Except for 
mechanical enginee:'xg, these fields also have rela- 
tively high unemployment rates. 


@ The proportion of women among nonacademic 
scientists and engineers increased from 12.6 
percent in 1980 to 22.2 percent in 1990. This 
increase occurred across all occupational fields. Over 
the same period, the proportion of blacks among 
nonacademic scientists and engineers increased 
from 3.2 to 4.4 percent; the percentage of Hispanics 
increased from 2.2 to 3.1 percent; and Asians 
increased from 4.2 to 6.0 percent of all those with 
S&E occupations. 


INDUSTRIAL JOB PATTERNS 


@ While the overall number of S&E jobs in indus- 
try increased by approximately 2.5 percent 
between 1990 and 1993, employment in most 
S&E fields declined. Growth in the number of com- 
puter- and mathematics-related jobs was the principal 
factor contributing to the increase in total industrial 
S&E employment in the early 1990s. 


FEDERAL EMPLOYMENT 


@ The Federal S&E workforce increased by 6 per- 
cent between 1989 and 1993, from 185,623 
to 196,908. During this time, the number of female 
scientists and engineers employed in the Federal 
Government increased by 27 percent, from 29,328 to 
37,341. In contrast, the number of male scientists and 
engineers grew by only 2 percent over the same 
period. The number of Federal scientists and engi- 
neers who are members of ethnic/racial minority 
groups also rose between 1989 and 1993, from 26,052 
to 30,810. The number of Asians increased by 20.9 
percent during this period, while the number of black 
scientists and engineers increased by 15.1 percent. 
The number of Native Americans in the Federal S&E 
workforce grew by 34.4 percent and the number of 
Hispanics grew by 19.9 percent during this time. 
These data do not reflect the recent cuts in Federal 


employment. 
IMMIGRANT SCIENTISTS AND ENGINEERS 


@ Foreign-born scientists and engineers repre- 
sented 23.0 percent of S&E doctorate holders 
under age 76 in the United States in 1993. 
Although a majority received their degrees from U.S. 
institutions, 34.1 percent received their doctorates 
from foreign schools. 
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introduction 


In the early 1990s, the Nation’s science and engineering 
(S&E) workforce faced challenges new and different from 
those it experienced in the 1980s. The recession, defense- 
related spending cutbacks, reduced research and develop- 
ment (R&D) budgets, and industry downsizing have all 
taken their toll on S&E employment. Manufacturing S&E 
employment declined for the first time in more than a 
decade, and unemployment rates rose. Despite these 
trends, scientists and engineers have fared better than 
almost any other kind of worker. Moreover, the tight 
labor market has not precluded some S&E-trained individ- 
uals from finding meaningful, challenging work opportuni- 
ties outside traditional S&E occupations. 

Scientists and engineers continue to play vital roles in the 
technological performance of U.S. industry in such areas as 
product or process innovation, quality control, and produc- 
tivity enhancement. In addition, they conduct basic research 
to advance the understanding of nature, perform R&D in a 
variety of areas such as health and national defense, train 
the Nation’s future scientists and engineers, and improve 
the scientific and technological literacy of the Nation. 

This chapter examines labor market conditions for 
recent bachelor’s, master’s, and doctoral S&E degree 
recipients, past and projected growth of S&E jobs in the 
industrial sector, which forms the core of demand for S&E 
occupations, and S&E job growth in the Federal 
Government. This chapter presents information on gener- 
al characteristics and the sex and racial/ethnic composi- 
tion of the S&E workforce. Finally, it provides data on 
foreign-born scientists and engineers. 


Labor Market Experience: Recent 
Science and Engineering Bachelor’s 
and Master’s Graduates 


Recent S&E bachelor’s and master’s degree recipients 
form a key component of the Nation’s S&E workforce; they 
account for almost half of the annual inflow to the S&E 
labor market (SRS 1990, p. 40). The career choices of recent 
graduates and their entry into the labor market affect the 
balance between the supply of and demand for scientists 
and engineers in the United States. Analysis of the work- 
force status and other characteristics of recent S&E gradu- 
ates can yield valuable labor market information. ' 

This section provides several labor market measures 
that offer useful insights into the overall supply and 
demand conditions for recent S&E graduates in the United 
unemployment rates, and in-field employment rates. 


'Data for this section are taken from the 1993 National Survey of 
Recent College Graduates. This survey collected information on the 
1993 workforce/other status of 1991 and 1992 bachelor’s and master’s 
degree recipients in S&E fields. Surveys of recent S&E graduates have 
been conducted biennially for the National Science Foundation since 
1978. For information on standard errors associated with survey data, 
see SRS (forthcoming (a}). 


Market Conditions 


Upon graduation, new S&E bacheior’s and master’s 
degree recipients must decide whether to enter the job 
market or to continue their education. In 1993, approxi- 
mately three-quarters of the recent S&E degree recipi- 
ents were employed on a full-time basis. (See figure 3-1.) 
About one-fifth of recent S&E bachelor’s and master’s 
graduates were enrolled in graduate school on a full-time 
basis. Students who majored in the physical and related 
sciences were more likely to go to graduate school than 
students with degrees in computer and mathematical sci- 
ences or engineering. (See appendix table 3-1.) 


Unemployment Rates 


The unemployment rate, which measures the percent- 
age of those in the workforce who are not employed but 
are seeking work, is a standard measure of labor market 
conditions. In 1993, recent college graduates encoun- 
tered a job market that was less favorable than the mar- 
ket in the late 1980s. The 1993 unemployment rates for 
students who graduated in either 1991 or 1992 were 4.4 
percent for baccalaureate degree recipients and 3.5 per- 
cent for master’s degree recipients (SRS, forthcoming 
[a]). For students who graduated in 1986 or 1987, unem- 
ployment rates in 1988 were 2.4 percent for baccalaure- 
ate recipients and 1.7 percent for master’s degree 
recipients (SRS, 1990). The unemployment rate for the 
US. labor force as a whole in 1993 was 6.8 percent, com- 
pared with 5.5 percent in 1988 (BLS, 1995). 


In-Field Employment 


Many recent S&E graduates, especially master’s de- 
gree recipients, find jobs directly related to their degree 
fields. Approximately half of all master’s degree recipi- 
ents were employed in their degree field in 1993, com- 
pared with one-fifth of all bachelor’s recipients (SRS, 
forthcoming [a]). For both master’s and bachelor’s 
degree recipients, students who had received degrees in 
either engineering or computer science were more likely 
to be working in their field of study, while students who 
had majored in the social and related sciences were less 
likely to have jobs directly related to their degrees. 


Median Annual Salaries 


Median annual salaries* of recent S&E graduates pro- 
vide an excellent indicator of the relative demand for 
new workers in various S&E fields. In 1993, the median 
annual salary of employed recent bachelor’s degree 
recipients was $24,000; for master’s degree recipients it 
was $38,100. (See appendix table 3-1.) The highest 
salaries commanded at the baccalaureate level were 
among students who had majored in engineering. For 
example, students with degrees in chemical engineering 


"This refers to the median annual salary of full-time employed civil- 
ians rounded to the nearest $100. 
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Transition of recent science and engineering degree recipients: 1993 


1991, 1992 Bachelor's 


degree recipients 
Total = 639,400 


Full-teme graduate 
Employed students Not employed 
72% 6% 

In science and Outside science and Unemployed Outside 
engineering engineering seeking employment labor force 
22% 50% 5% 1% 
1991, 1992 Master's 
degree recipients 
Total = 115,600 
Employed — Not employed 

72% 5% 

In science and Outside science Unemployed Outside 
engineering and engineering seeking emplyment labor force 
48°. 24% 2% 3% 

See appendix table 3-1. Science & Engineering indicators - 1996 


reported salaries of $40,000. The highest salaries at the 
master’s level were also in engineering. Graduates with 
degrees in electrical, electronics, computer, communica- 
tions, and chemical engineering reported median annual 
salaries of $44,000. 


Sectors of Employment 


The private, for-profit sector is, by far, the largest 
employer of recent bachelor’s and master’s degree recip- 
ients. In 1993, 59 percent of bachelor’s degree recipients 
and 47 percent of master's degree recipients were 


employed in a private, for-profit company. (See text table 
3-1.) The academic sector was the next largest sector of 
employment for recent S&E graduates. Master’s degree 
recipients were more likely to be employed in 4-year col- 
leges and universities (25 percent) than were bachelor’s 
degree recipients (13 percent). Master's degree recipi- 
ents were also more likely to be employed in the Federal 
sector (9 percent) than were bachelor’s degree recipi- 
ents (5 percent). Sectors employing smaller numbers of 
recent S&E graduates include educational institutions 
other than 4-year colleges and universities, nonprofit 
organizations, and state or local government agencies. 


Science & Engineering Indicators — 1996 


35 


Text table 3-1. 
Percent of employed 1991 and 1992 science and engineering bachelor's and master's degree recipients, by sector 
of employment and field of degree: 1993 
Sector of employment 
Private 4-year Other State 
Total for-profit Self- college and educational Nonprofit Federal or local 
— In thousands — — Percent 

Bachelor's degree recipients 
Sciences and engineering ....... 540.4 59 2 13 7 7 5 6 
Alisciences................. 432.8 56 2 14 9 9 4 7 
Allengineering .............. 107.6 72 2 11 1 2 8 5 
Master's degree recipients 
Sciences and engineering ....... 103.1 47 2 25 7 5 9 5 
ic cseseeeeeeees 65.3 3 3 29 11 6 7 6 
Dh <.c020 6060624 378 63 1 18 1 2 13 3 


NOTE: Details may not add to totais because of rounding. Percents were calculated on unrounded data. 
SOURCE: Science Resources Studies Division, National Science Foundation, National Survey of Recent College Graduates, 1993, unpublished tabulations. 


Labor Market Experience: 
Recent Science and Engineering 
Doctorate Recipients 


This section focuses on the employment status of 
recent S&E doctoral degree recipients. There has been 
increasing concern about labor market opportunities for 
new Ph.D. scientists and the possible consequences on 
the health of scientific research in the United States.’ 
Several recent developments have contributed to these 
concerns, including demographic changes (which have 
slowed the growth in undergraduate enrollment), reduc- 
tions in defense and research funding, growth in the 
importance of foreign doctoral programs, the 1990-91 
economic recession, and rates of Ph.D. production that 
approach or exceed the high levels at the end of the 
Vietnam draft. 

Unemployment of or involuntary movement out of the 
science fields by large numbers of new Ph.D. scientists 
and engineers could have a number of adverse effects on 
the health of scientific research in the United States. If 
labor market difficulties are real but temporary, promis- 
ing students may be discouraged from pursuing degrees 
in S&E fields. Eventually, this would reduce the ability of 
industry, academia, and government to perform R&D. If 
labor market difficulties are long-term, restructuring will 
need to take place within graduate education and 
Federal research support to maintain quality research 
and some degree of fairness for new doctorate recipi- 
ents. In either case, when a significant portion of high- 
level human capital goes unused, society loses potential 
opportunities for new knowledge and economic advance- 
ment, and individuals feel frustrated in their careers. 


‘For a more detailed discussion, see Committee on Science, 
Engineering, and Public Policy, 1995 
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For the above reasons, it is important to examine the 
extent of labor market problems for new doctorate recip- 
ients. Information on the labor activities of recent doctor- 
ate recipients is available primarily from the National 
Science Foundation’s (NSF) Survey of Doctorate 
Recipients (SDR). The SDR is a survey of approximately 
60,000 individuals under age 76 who have received Ph.D.s 
in science, engineering, or the humanities from U.S. edu- 
cational institutions. Unfortunately, changes in question- 
naire design in 1993 and in survey collection techniques 
in 1991 make it difficult to compare the most current 
Ph.D. labor market indicators with previous years. 


Unemployment Rates 


In April 1993, the overall unemployment rate for 
recent S&E doctorate recipients’ stood at 1.7 percent. 
(See text table 3-2.) The rates varied widely by field— 
from 0.7 percent for agricultural scientists and 0.8 per- 
cent for chemical engineers to 4.6 percent for 
sociologists and 4.0 percent for physicists and geoscien- 
tists. According to the U.S. Bureau of Labor Statistics, in 
1993, the unemployment rate for the entire U.S. labor 
force was 6.8 percent.’ As another point of comparison, 
the unemploy:nent rate for recent doctorate recipients in 
the humanities was 3.3 percent—nearly double the aver- 
age for all recent S&E doctorate recipients, but not as 
high as in many fields. 


‘Recent doctoral degree recipients are defined here as individuals 
who completed their Ph.D.s within the past 5 years 

The Bureau of Labor Statistics monthly unemployment rate is cal 
culated from the Current Population Survey. Comparing rates from 
two different surveys always is probiematic 
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Text table 3-2. 
Labor market indicators for recent Ph.D.s (1988-92 graduates in April 1993) 
involuntarity out-of-field § Unemployment Nontenure-trk / Postdoc 
rata adjunct positions positions 
~~ Percent - 
EEE 3.6 1.7 6.5 15.5 
Computer/mathematical sciences ........... 34 12 9.7 3.5 
Computer science ..................... 14 1.1 3.2 3.0 
Mathematical science................... 49 12 15.0 38 
a re aeeree 34 15 43 6.1 
Chemical engineering................... 26 08 2.1 3.1 
ElectricaV/electronic engineering............ 28 1.6 3.7 3.4 
Mechanical engineering................. 6.5 1.1 5.0 87 
i Pitan 66» 66.6 645696060 mkade 2.3 12 8.0 31.6 
Agricultural science .................... 22 0.7 72 23.3 
EL + «6.006é640660066600%60 2.1 1.0 8.0 33.6 
nh + <cessheeedugedsaseene 5.0 26 5.0 24.6 
NS REAR oe 35 1.6 41 21.5 
SE a 7.7 40 6.1 178 
i <K6i6cbeseceacenve’s 6.5 4.0 65 33.4 
Se eee eee 42 2.0 68 25 
ich netceneesdsugesdadees 2.7 3.2 5.8 2.1 
ES 6 ckgdsewndaeuhe 1004.465 44 28 5.5 0.7 
EES rr 25 1.0 6.3 3.3 
Sociology/anthrapology........ 6.6.66... 9.6 46 9.5 25 
RKC hss 0606 600000406008060068 14.2 3.3 10.7 0.5 


SOURCE. Science Resources Studies Division, National Science Foundation, 1993 Survey of Doctorate Recipients, unpublished tabulations. 


involuntarily Outside of Doctoral Field 


Many concerns being expressed about the labor mar- 
ket prospects of recent S&E doctorate recipients -:ave 
less to do with graduates’ ability to find a job than with 
their ability to get fulltime jobs that use their training. 

For the purposes of this chapter. individuals are con- 
sidered involuntarily outside of their Ph.D. field if they 
state in an NSF survey that they are either working part- 
time solely because a fulltime job was not available or 
that one reason they are working outside of their Ph.D. 
field is because a job in their field was not available.” 

The involuntary out-of-field (lOF) rate for all recent 
S&E doctorate recipients is 3.6 percent. (See text table 
3-2.) In 1993, IOF rates for recent S&E doctorate recipi- 
ents ranged from 1.4 percent for computer science to 9.6 
percent for sociology. |n addition to sociology, particular- 
ly high 1OF rates are found for geosciences (7.7 percent), 
physics/astronomy (6.5 percent), and mechanical engi- 
neering (6.5 percent). Recent doctorate recipients in the 
humanities have an [OF rate of 14.2 percent. 


“All of NSF's SESTAT (Scientists and Engineers Statistics) surveys 
(which include the SDR) ask respondents to check off all that apply 
from sets of reasons why they are working parttime or why they are 
working outside the field of their highest degree. If a more restrictive 
definition were used—classifying full4ime employment as involuntarily 
out of field only if “job in highest degree not available” was the only 
reason cited—the involuntarily out of field rate for all recent SE doc 
torate holders would fall from 3.6 to 2.2 percent in 1993 
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Although it is problematic to compare these rates with 
those for previous years,’ the highest IOF rates are in 
fields (sociology, geosciences, and physics) that anecdo- 
tally have had the most problems in recent years." In 
many ways, the IOF rate may be a better indicator of 
labor market conditions for doctorate holders than the 
unemployment rate. For example, the IOF rate is highest 
in the humanities (14.2 percent), where professional 
associations have long acknowledged labor market diffi- 
culties tor their new doctorate recipients; recent humani- 
ties doctorate recipients have only a moderate 
unemployment rate of 3.3 percent. 


Adjunct/Non-Tenure-Track Positions 


Non-tenure-track positions, often with 1- or 2-year con- 
tracts, are one type of temporary job that a recent Ph.D. 
might take while hoping to obtain a permanent academic 
position. The highest rate of non-tenure-track jobs or 


This 1993 measure can not be compared with previous years, as it is 
based upon redesigned SDR survey questions on the relationship 
between individuals jobs and Ph.D. training. In addition, major improve- 
ments in survey response rates in the 1991 and 1993 SDRs due to com- 
puter-assisted telephone interviews make it problematic to compare over 
time any attribute, such as working outside the Ph.D. field, that may be 
strongly correlated with a willingness to return a questionnaire. 

“For sociology, the end of the Cold War was less of a factor in the 
labor market, but anecdotes refer to stagnant undergraduate enroll 
ments and the development of competing ethnic studies programs in 
the humanities 
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adjunct positions occurs in the mathematical sciences, 
put there has been a tradition in mathematics of postdoc- 
toral lectureships that serve some of the same career 
functions that research postdocs serve in other disci- 
plines. (See text table 3-2.) Across all S&E fields, the non- 
tenure-track/adjunct rate was 6.5 percent. These figures 
do not include individuals who were counted as involun- 
tarily out-of-field or who have postdoctoral positions. 
Thus, a part-time adjunct professor who is not part-time 
by choice will not be included here. 

Although the non-tenure-track/adjunct rate is includ- 
ed here as a labor market indicator, care should be taken 
in interpreting this as a measure of labor market dis- 
tress. Many academic adjunct positions, particularly in 
the sciences, are highly desirable. 


Postdoctoral Appointments 


The percentages of recent doctorate recipients in each 
field that hold postdoctoral appointments (postdocs) pri- 
marily for continued education or training in research are 
included here as a labor market indicator because postdoc 
positions are temporary, are usually lower paid, and may 
be used as a way for recent doctorate recipients to main- 
tain their professional credentials while seeking a more 
permanent or lucrative job. Such behavior by new doctor- 
ate recipients would be consistent with other labor market 
strategies that are observed, since enrollment in both 
graduate and undergraduate education typically goes up 
in bad economic times. (Discussions of aspects of post- 
docs that are not directly related to their significance as a 
labor market indicator are contained in Chapter 2, Higher 
Education in Science and Engineering.) 

However, the variation among disciplines in the 
propensity of recent doctorate recipients to hold post- 
docs is mostly due to the differences in the traditional 
importance of postdocs for training new researchers in 
each field. Thus, the percentage of postdocs can be used 
only indirectly as a measure of labor market conditions. 
For example, the highest postdoc rates, 33.6 percent for 
biological scientists and 33.4 percent for physicists, are 
found for two groups with very different unemployment 
and IOF rates. (See text table 3-2.) The humanities and 
sociology/anthropology fields, both of which have high 
unemployment and IOF rates, have postdoc rates of only 
2.5 percent. 

Nevertheless, in fields such as physics, where a post- 
doc has long been an important and common career 
step, there are widespread reports both of increased 
numbers of new doctorate recipients entering postdocs 
and of individuals staying in postdoc positions for much 
longer than the traditional 1 or 2 years. Current data do 
not confirm that this is a common practice; yet the exis- 
tence of such prolonged “apprenticeships” would 
increase the age when university-bound scientists first 
become independent researchers. It has been argued 
that this would reduce both the innovation and energy 
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brought to research.’ In addition, such prolonged aca- 
demic postdocs might not be good training for doctorate 
recipients who may ultimately be employed in industry.!° 

Although it is not possible to examine this issue fully 
with the data that currently exist,'! the existing data do 
not tend to support claims of dramatically increased 
numbers or lengths of postdoctoral appointments since 
the beginning of the science labor market disruptions 
associated with the end of the Cold War. 

For example, data on academic postdocs are available 
from the NSF/National Institutes of Health Survey of 
Graduate Science and Engineering Students and 
Postdoctorates, an institutional survey sent to approxi- 
mately 10,800 graduate departments. From 1981 to 1993, 
there has been a very close relationship between the 
number of new U.S. citizen postdocs and U.S. citizen doc- 
torate recipients in the physical sciences, showing very 
little variation over time. (See figure 3-2 and appendix 
table 3-2.) For all scientists and engineers and for life sci- 
entists, this ratio has been very stable since 1986 or 
1987. None of. the data series shows any sign of an 
upturn in U.S. citizen postdocs relative to new U.S. citizen 
doctorate recipients since the end of the Cold War in the 
late 1980s. 


%See Stephan and Levin (1992) for a discussion of age and scientific 
productivity. 

Of all U.S.-educated S&E doctorate holders, only 48.1 percent work 
for educational institutions of any type in any capacity. 

In 1991, NSF added computer-assisted telephone interviews to the 
data collection process for the SDR. The much higher response rate 
that resulted, while increasing the validity of the 1991 and subsequent 
SDRs, makes it difficult to look, over time, at characteristics that may 
be related to nonresponse. Peoples’ ability to get the type of job they 
want may certainly affect their willingness to answer a government 
survey. In addition, there were changes in the wording of the question 
on postdocs between the 1991 and 1993 surveys. 


Figure 3-2. 

Ratio of U.S. citizen postdocs held to the 
number of new U.S. citizen Ph.D. graduates 
2.0 
18}. 
186 _ 
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Another data source provides somewhat contradictory 
indications of the trend for U.S. citizen postdocs, but it 
also fails to show a significant effect of the labor market 
changes of the late 1980s or early 1990s. The Survey of 
Earned Doctorates (SED) collects information on the 
postgraduation plans of new doctorate recipients at the 
time they receive their degrees. (See figure 3-3 and 
appendix table 3-3.) For both the physical and life sci- 
ences, this survey shows a nearly steady increase since 
1970 in the proportion of those who say they have defi- 
nite plans for postdoc study. Interpretation of this series 
is complicated by increases over time in both nonre- 
sponse to this question on the SED and in the percentage 
reporting no definite plans. 

This indicator of flow into postdocs continued to rise 
through the late 1980s and early 1990s. However, there 
is no apparent acceleration in the late 1980s of the long- 
term upward trend. It is difficult to relate increases in 
postdoc plans to events in the labor market. For exam- 
ple, the percentage of new doctorate recipients in the 
physical sciences with definite postdoc plans actually 
declined in the late 1970s during the post-Vietnam 
defense cuts and increased during the defense buildup 
in the early and mid-1980s (although there was also a 
recession in the early 1980s). More important, the trend 
in the total series does not appear to fluctuate over a 
period with many economic or fiscal events. 

Although there are no direct data on the length of 
time individuals remain in postdocs, it is possible to look 
at the proportion of Ph.D. holders with postdocs in 1993 
by the number of years since they received their 
degrees. In both the physical and life sciences, a very 
high percentage of new doctorate recipients have post- 
doctoral appointments in their first year after gradua- 
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See appendix table 3-3 
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tion—46.2 percent for the life sciences and 49.4 percent 
in the physical sciences. (See figure 3-4 ard appendix 
table 3-4.) The proportion of postdocs drops rapidly for 
both groups with increased years since Ph.D., with life 
sciences reaching 4.8 percent and physical sciences, 2.6 
percent after 8 years. Although recent doctorate recipi- 
ents in the physical sciences have greater IOF and unem- 
ployment rates and hold more postdoc positions than 
doctorate holders in the life sciences, the decline in post- 
docs with increasing years since degree is actually more 
rapid. This difference is not large and could easily have 
resulted from institutional differences between the disci- 
plines in the use of postdocs. However, it does not pro- 
vide evidence for prolonged use of postdocs in the face 
of difficult labor markets. 


Occupations 


As discussed above, much of the concern about labor 
market conditions for recent S&E doctorate recipients is 
not about unemployment, but about whether they are 
able to obtain jobs that use their graduate training. A 
measure of this is available on the 1993 SDR, which 
includes a self-assessment by respondents about 
whether their primary jobs in 1993 are “closely,” “some- 
what,” or “not” related to their Ph.D. fields. Individuals 
also reported on their occupation as of 1993 and 1988. 
(See text table 3-3.) 

Subjective evaluations of how close a job needs to be 
to a Ph.D. field to be “closely related” may well differ 
according to expectations and institutional culture in the 
various academic disciplines. In addition, movement into 
areas judged as only “somewhat related” will be affected 
by the transferability of knowledge and training in a par- 
ticular discipline to other areas. For this reason, the 


Figure 3-4. 
Percent in postdoc positions, by yeers since 
Ph.D.: 1983 
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Text table 3-3. 
Percent of Ph.D. S&E workforce working in “closely 


Field of degree 1968 1983 ~—*1888 to 1 
SN +6 «gb céended 82.1 83.4 1.3 
Computer/ 
mathematical 
sciences ............ 79.4 as 48 
Mathematical science | 772 62.8 5.6 
Engineering tet petites @-¢ 76.0 76.9 0.9 
engineering... 76.9 78.9 2.0 
Electrical/electronic 
A 70.2 76.1 5.9 
engineering . 78.8 78.8 0.0 
Life sciences ......... 88.2 87.1 “1.1 
science... . 87.5 80.0 -75 
science..... 89.5 88.7 0.8 
o -~  pes ery 78.5 79.6 1.1 
ee ak ae 82.7 85.7 3.0 
Geosciences ........ 84.1 81.3 -28 
Physics/astronomy .... 71.9 70.7 -1.2 
Social sciences ....... 80.7 85.1 44 
alah 6k bined 83.0 91.0 8.0 
Political science ...... 74.0 77.9 3.9 
i daseid tench 89.9 93.3 3.4 
. 63.1 71.3 8.2 


SOURCE: Science Resources Studies Division, National Science Foun- 
dation, 1993 Survey of Doctorate Recipients, unpublished tabulations. 
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most valid comparison is likely to be between the two 
doctorate holders in the same field who graduated the 
same year. 

In general, doctorate holders who graduated from 
1983 to 1987 and from 1988 to 1992 had very similar 
occupational patterns. For all recent scientists and engi- 
neers, 82.1 percent of the doctorate recipients who 
attended from 1982 to 1987 were in closely related occu- 
pations in 1988, compared with 83.4 percent of the doc- 
torate recipients who attended from 1988 to 1992 in 
1993—a 1.3-percentage-point increase. Among specific 
disciplines, the greatest percentage-point decreases 
occurred in agricultural science (-7.5), geosciences 
(-2.7), and physics/astronomy (-1.2). The largest 
increases were in sociology/anthropology (+8.2), eco- 
nomics (+8.0), and electrical engineering (+5.9). Most 
S&E fields showed only very minor changes in the pro- 
portion of recent doctorate recipients obtaining jobs in 
occupations closely related to their fields. 


Professional Society Data 


Many professional associations conduct surveys 
that provide useful information about the labor mar- 
kets within the fields of interest to them. These sur- 
veys are often more current than the government 
surveys. However, it is difficult to use them to obtain 
an understanding of the more general national labor 
market, since they vary greatly from »ae another in 
the timing and techniques of data collection and in 
how they word their questions. In addition, respon- 
dents may define concepts such as “employment” in 
a very limited context in response to a clearly identi- 
fied professional association in their field. 

Still, despite these caveats, data from various pro- 
fessional societies generally support the anecdotes 
of increased labor market difficulties for new doctor- 
ate recipients in many fields. The American 
Mathematical Society conducts a survey of recent 
doctoral recipients in the spring of the academic 
year of their degree and in the first autumn after- 
ward. The percentage of those who, in the autumn, 
reported that they were “still seeking employment” 
rose steadily from 3.0 percent in 1989 to 10.7 percent 
in 1994. A similar survey by the American Institute of 
Physics shows an increase in the percentage of new 
physics doctorate recipients taking more than 6 
months to find a “permanent job” from 13 percent in 
1989 to 23 percent in 1992. The American Chemical 
Society (ACS), surveying new chemistry doctorate 
recipients in the summer after the academic year of 
their degree, found that unemployment rose from 
around 7.0 percent in 1989 to 17.0 percent in 1994.* 


* Another 1994 ACS survey asking Ph.D. advisors about their 


Selected Characteristics of the 
Science and Engineering Population 


Basic Characteristics 


More than 10.3 million people hold a degree in an 
S&E field. (See figure 3-5 and appendix table 3-5.) These 
estimates are according to data from the 1993 National 
Survey of College Graduates (NSCG).'* Since many indi- 
viduals have more than one degree in S&E, the totals 
across degree levels or across fields of degree are high- 
er than the total number of individuals holding any S&E 
degree. Of approximately 29.0 million college gradu- 
ates, 4.2 million individuals have a degree in a social sci- 


'’These are likely to be underestimates of total degrees in S&E, 
as the NSCG excludes individuals who did not earn a college degree 
prior to April 1990, but who may have subsequently earned a degree. 


Chapter 3. Science and Engineering Workforce 


BB Any degree 


Computerimath 


Any science or 
engineering field eciences 


Bachelor's degree @ Master's/professional degree 


m0 ee 


NOTE: The 1983 National Survey of College Graduates excludes degrees eamed after April 1980. 


See appendix table 3-5. 


ence, 4.0 million in a natural science, and 2.5 million ia 
engineering. 

Over 7.9 million people have their highest degree in 
an S&E field (See figure 3-6 and appendix table 3-6). Of 
these, the most common degree is a bachelor’s (68.9 
percent), followed by master’s or professional degree 
(20.8 percent) and doctorate (10.3 percent). Although 
doctorates represent only 10.3 percent of the total, they 
are a much larger portion of the total in the physical 
(20.0 percent) and life (23.6 percent) sciences. By broad 
field of degree, the largest S&E areas are social sciences 
and engineering. 


Solero end enpneers, by hgheat degree: 100 
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Age Distribution 


Age distributions for S&E degree holders are affected 
by historic graduation patterns, net immigration, individ- 
ual advancement to higher degrees, and mortality. (See 
figures 3-7 to 3-9 and appendix table 3-7.) At each degree 
level and field of degree, the greatest population density 
occurs during prime productive years—the late 30s and 
40s. Reflecting the lower degree production rates 30 to 
40 years ago, scientists or engineers nearing traditional 
retirement and high mortality ages are far less numer- 
ous than those in the early stages of their careers. This 
implies that the number of trained scientists and engi- 


_— - > = * 
7" . e « = uty ai - a %e 
Pen bok . Yh Oe Cee age ee ee Cam ee ee 


@ Bachelor's 


@ Master's/professional degree § Doctorate 
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Figure 3-7. 
Age distribution of bachelor’s degree scientists 


and engineers: 1993 
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See appendix table 3-7. 
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neers in the labor force would continue to increase for 
some time, even if degree production stayed at its cur- 
rent level. 


Relationship Between Occupation 
and Education 


Even at the bachelor’s degree level, most people with 
degrees in S&E work at jobs at least somewhat related to 
their degrees. (See text table 3-4.) A majority (52.8 per- 
cent) of those with bachelor’s degrees in engineering 
work as engineers; just 19.4 percent work in an unrelat- 
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Figure 3-9 

Age distribution of doctoral scientists 

and engineers: 1993 
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ed non-S&E occupation. The social sciences have the 
lowest proportion of bachelor’s graduates working in the 
same field as their degree, 1.5 percent, but many more 
work in what they describe as closely related fields; only 
34.9 percent work in an unrelated non-S&E occupation. 

A majority of those with Ph.D.s in an S&E field work in 
the same field as their degree—ranging from 57.4 per- 
cent in the life and physical sciences to 74.3 percent in 
mathematics/computer sciences. Large numbers of S&E 
doctorate holders do, however, work in other fields of sci- 
ence or in various non-S&E occupations. Notably, in the 
physical sciences, 15.8 percent of doctorate holders work 
in some other S&E field. The percentage working in a 
non-S&E occupation unrelated to the field of their highest 
degree ranges from 8.3 percent in mathematics/comput- 
er sciences to 19.8 percent in the life sciences. 


Salaries 


With the sole exception of the 75th percentile for mas- 
ter’s and professional degrees (which includes medical 
doctors and lawyers among the non-S&E fields), salaries 
are higher for S&E graduates than for non-S&E gradu- 
ates at each degree level and at each point in the salary 
distribution. (See text table 3-5.) This is true even in the 
relatively lower paying life and social sciences fields. 
S&E doctorate holders earn 23.0 percent more than 
those with master’s/professional S&E degrees and 42.9 
percent more than those with bachelor’s S&E degrees.'* 

Median salaries for doctorate holders in science and 
engineering rise steadily with the number of years since 


"This is not an analysis of whether a Ph.D. is a good investment in 
purely financial terms. That would have to include a consideration of 
the direct costs of education and foregone earnings while undertaking 
graduate study. 
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Text table 3-4. 
Occupational characteristics of individuals with degrees in science and engineering: 1993 
Occupation category z 
Closely related Somewhat related Unrelated 
Same fieid Other S&E non-S&E non-S&E non-S&E 
Percent 
Bachelor's degree 
Computer/mathematical sciences ..... 35.3 3.9 12.9 16.5 31.4 
rary reer 52.8 5.9 8.7 13.2 19.4 
iss ceetenneeekeuas 10.0 7.1 25.6 20.8 37.0 
Physical sciences ................ 22.1 17.7 20.8 22.3 25.2 
Social sciences.................. 1.5 4.2 32.1 27.4 34.9 
Master's/professional degree 
Computer/mathematical sciences... .. 44.8 7.2 5.2 13.0 29.8 
i. '460s6eseeeneseees 57.8 10.5 5.3 10.8 15.6 
<i. veveeub eens eae 28.4 8.3 11.3 12.7 39.3 
Physical sciences................ 43.2 18.5 9.3 9.0 20.0 
Social sciences ................. 19.3 4.0 13.1 16.9 46.7 
Doctoral degree 
Computer/mathematical sciences. ... . 74.3 5.7 3.8 8.0 8.3 
Cs 4604006 66006000406% 59.9 12.0 45 11.1 12.6 
a. '+4 seh enbe eds oeee 57.4 6.1 5.2 11.5 19.8 
Physical sciences................ 57.4 15.8 6.5 11.1 9.2 
TR <..sctrteebeeenas 63.3 5.9 45 10.8 15.5 


SOURCES: Science Resources Studies Division (SRS), National Science Foundation, 1993 National Survey of College Graduates, unpublished tabulations; 
and SRS, 1993 Survey of Doctorate Recipients, unpublished tabulations. 
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Text table 3-5. 
Distribution of annual salaries, by field and level of highest degree: 1993 
Computer/ 
All S&E science Engineering sciences sciences sciences Non-S&E 
Dollars 

Bachelor's degree 25th percentile.... 30,000 33,000 40,000 27,000 32,000 26,000 26,000 
Median ......... 42,000 44,100 51,000 36,000 43,700 35,400 35,700 
75th percentile.... 57,200 57,600 65,000 48,000 60,000 50,000 52,000 

Master's/ 

professional degree 25th percentiile.... 35,500 41,000 46,200 30,000 37,000 30,000 33,000 
Median ......... 48,800 52,200 58,200 40,000 50,300 40,000 46,000 
75th percentile.... 65,000 70,000 72,000 51,700 69,800 54,000 68,400 

Doctoral degree 25th percentile.... 43,000 46,200 53,500 40,000 49,000 40,000 37,000 
eee 60,000 60,600 70,000 60,000 64,800 52,700 49,000 
75th percentile.... 82,000 73,000 89,000 90,000 80,000 72,000 65,000 


SOURCE: Science Resources Studies Division, National Science Foundation, 1993 National Survey of College Gracuates, unpublished tabulations. 
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completion of the doctoral degree. Even in the lowest Women in the Science and 
paying S&E doctoral field, the social sciences, salaries Engineering Labor Force 
remain significantly higher than for doctorate holders in 
the humanities throughout the career cycle. (See figure 
3-10 and appendix table 3-8.) 


The proportion of women among doctorate holders in 
the S&E labor force is much greater for more recent 
graduation cohorts. (See text table 3-6.) For each broad 
S&E field, the proportion of women among 1983-92 grad- 
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10. | 
Ph.D. salaries, by year of degree: 1983 


aa as - as * as ’ ’ ’ 


1988-62 1983-67 1978-62 1973-77 1968-72 1963-67 
Years of degree 

See appendix table 3-8. 
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uates is more than triple the proportion among pre-1973 
doctorate holders. However, this growth is often from a 
very small base. For example, among pre-1973 engineer- 
ing doctorate recipients in the labor force, only 0.2 per- 
cent are female. This rises to 8.8 percent female for 
1983-92 engineering doctorate recipients. In social sci- 
ences and the life sciences, the proportion of female doc- 
torate recipients is far greater—rising to 46.4 percent 
among 1983-92 Ph.D. graduates in the social sciences and 
37.2 percent in the life sciences. For these two fields, the 
increase in the proportion of female doctorate recipients 


between graduation cohorts is similar to the increase in 
the humanities, which was from 17.9 percent for the pre- 
1973 cohort to 41.1 percent for 1983-92 graduates. 
Another source of data on trends in the participation 
of women in the S&E labor force is the decennial census. 
Between 1980 and 1990, the proportion of women in 
nonacademic S&E occupations rose from 12.6 percent to 
22.2 percent.'* (See text table 3-7.) This increase 
occurred in all occupational fields. Among engineers, the 
percentage of females increased from 4.4 percent in 1980 
to 9.2 percent in 1990. A majority (51.4 percent) of 
nonacademic social scientists in 1990 were female. 
Across all S&E fields, female doctorate holders earn 
between 13 and 20 percent less than male doctorate 
holders in the same fields. Much of this difference is due 
to the younger age distribution of female doctorate hold- 
ers. However, even when comparing salaries of males 
and temales from the same graduation cohorts, median 
salaries of female doctorate holders are slightly less than 
the salaries for male doctorate holders. (See text table 
3-8.) Median salaries of 1988-92 female doctorate recipi- 
ents ranged from 91.2 percent of the male median salary 
for mathematics/computer science doctorate recipients 


“This was first published in NSF 95-306 “Nonacademic Scientists 
and Engineers: Trends from the 1980 and 1990 Censuses” (1995). 
Scientists and engineers can be identified in U.S. Census data only 
through self-described occupations; the data include individuals with 
all levels of education. 


Text table 3-7. 

Percentage female of nonacademic scientists and 
engineers on the decennial census: 1960 and 1980 

1980 

All scientists and engineers . . 12.6 

scientists ............... 25.9 

ee spedhw eee 6 éeens 44 

eclontists............. = 

Sotial scents ee 


SOURCE: Science Resources Studies Division, /vational Science 
Foundation, Nonacademic Scientists and Ergneers: Trends from the 
1980 and 1990 Ceneuses, NSF 95-306 (Arington, VA: NSF, 1995). 
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Text table 3-6. 
Proportion of U.8. educated Ph.D.s in the labor force that are female, by year of degree: 1993 

~ Graduation year Aas 
Field of degree All years ” Betore 1973 1973-82 1983-92 
Computerimathematical sciences ............ 12.1 5.6 12.5 173 
es 44 0.2 3.1 88 
rho fel sadeabed caabhdan 25.7 11.7 23.2 37.2 
Physical eclonces. ..... 0.0.66... cece eens 10.1, 3.9 8.7 18.7 
Social eclences 0... eee eens 33.1 15.0 31.0 464 
i eg ee 31.2 17.9 33.0 41.1 


SOURCE: Science Resources Studies Division, National Science Foundation, 1993 Survey of Doctorate Recipients, unpublished tabulations. 
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Text table 3-8. 

Median salary of female Ph.D.s as a percentage of male Ph.D.s: 1993 

Field of degree All years Before 1973 1973-77 1978-82 1983-87 1988-92 
Computer/mathematical sciences....... 87.4 90.9 100.0 97.2 102.0 91.2 
i 64664640000060090404 83.6 119.0 108.6 97.3 95.4 96.4 
Life sciences...................... 81.0 85.7 83.1 88.6 96.0 98.9 
Physical sciences.................. 80.0 80.0 96.9 95.6 94.8 92.9 
Social sciences.................... 83.8 87.5 91.7 90.9 93.8 98.0 
Eee 85.1 93.5 96.2 96.0 949 95.7 


SOURCE: Science Resources Studies Division, National Science Foundation, 1993 Survey of Doctorate Recipients, unpublished tabulations. 
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to 98.9 percent of the male median salary for life science Racial/Ethnic Minorities in the Science 
doctorate recipients. With the noteworthy exception of and Engineering Labor Force 
engineering,'’ female doctorate holders’ salaries are 


. : Compared with women, there have been less dramat- 
closer to male salaries for the 1988-92 graduation cohort 


se ic, but still steady gains in the representation of racial 
than for the pre-1973 cohort. and ethnic minorities in science and engineering. The 
proportions of blacks, Hispanics, and Asians'® among 
doctorate holders in the S&E labor force are compared in 


‘Many models in labor economics assume that if there is an added this section. (See text table 3-9.) 
cost, pecuniary or nonpecuniary, to enter a particular labor market, 
only the most able will enter. Given the extremely small number of Asian” refers here to the Asian/Pacific Islander racial group, 
pre 1973 female | h.D.s in engineering, this may be one explanation for based upon selfidentification on the U.S. Census and various NSF sur- 
the higher female salaries. veys. It does not refer to place of birth, as it does in a later discussion 


of immigrants in this chapter. 


Text table 3-9. 

Proportion of raciai/ethnic minorities among U.S. educated Ph.D.s in the labor force, by year of degree: 1993 
Field of degree All years Before 1973 1973-82 1983-92 

Black 
Computer/mathematical sciences ............ 1.4 1.0 1.7 16 
DN See CCC CG e eer ecceceeeeseeeee 1.3 0.2 2.0 1.7 
IN 06.64609:0006060600000006806 1.9 1.1 2.0 2.4 
_ i ae 1.1 0.6 1.3 1.4 
D6 sccecceccescceseseceueees 3.5 1.6 3.7 46 
+5666 6006600000060000206806% 2.0 0.9 2.5 2.4 
Hispanic 
Computer/mathematical sciences ............ 2.6 1.9 2.9 3.0 
CE hh r59-9:00.0.006 06000066 6640008 1.9 1.0 2.1 2.4 
Nh ns 66-6 606066000460666000064 1.8 1.6 1.1 25 
SD +6 0.606060606666660¢6684 1.9 1.2 18 <8 
TE 666560604600040660006606064 2.4 1.4 1.8 3.7 
Cc ihh ss 00600660 6008060006004 3.2 2.1 3.4 4.1 
Asian 

Computer/mathematical sciences ............ 15.2 6.7 10.5 26.2 
eer rer eter 25.4 13.2 26.1 48 
bh ++ 06 5000606 0600600060606 8.7 6.3 7.6 11.3 
 6-6666056006060068006064 12.4 6.7 12.0 19.5 
ES» 6.64.66006600600066008604 3.9 2.7 2.8 5.6 
Ait is ndoons 04nsbee seeded 3.2 2.7 2.4 4.7 


SOURCE: Science Resources Studies Division, National Science Foundation, 1993 Survey of Doctorate Recipients, unpublished tabulations. 
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The representation pattern is very similar for black 
and Hispanic doctorate holders in the S&E labor force. 
For blacks, the greatest representation is 3.5 percent 
among social science doctorate holders, and the lowest 
is 1.1 percent among physical science doctorate holders. 
For each broad S&E doctoral field, blacks are better rep- 
resented in the most recent cohort than in the field as a 
whole. However, even among the 1983-92 cohort, the 
percentage of black doctorate holders ranges from only 
1.4 percent in the physical sciences to 4.6 percent in the 
social sciences. For Hispanic doctorate holders, repre- 
sentation ranges from 1.8 percent in the life sciences to 
2.6 percent in the mathematical and computer sciences. 
As with blacks, Hispanics are only slightly better repre- 
sented among more recent Ph.D. cohorts, but they show 
gains within each broad S&E field. 

Asian doctorate holders, both U.S. and foreign-born, 
are a much larger proportion of the S&E labor force than 
other minority groups. Asians represent 25.4 percent of 
U.S.-educated doctorate holders in engineering in the 
labor force, 15.2 percent in mathematics/computer sci- 
ences, 12.4 percent in the physical sciences, 8.7 percent 
in the life sciences, and 3.9 percent in the social sciences. 
Their proportion of the 1983-92 graduation cohort is larg- 
er for each broad S&E field, ranging from 5.6 percent in 
the social sciences to 34.8 percent in engineering. 

A similar representation pattern is found for blacks 
and Hispanics (and, to a more modest extent, Asians) 
looking at all education levels of those with S&E occupa- 
tions on the 1980 and 1990 censuses (NSF, 1995). The 
proportion of blacks increased from 3.2 to 4.4 percent 
between 1980 and 1990; Hispanics increased from 2.2 to 
3.1 percent; and Asians increased from 4.2 to 6.0 percent 
of all those with S&E occupations. 


industrial Science 
and Engineering Job Patterns 


In 1993, U.S. industry provided jobs for approximately 
2 million scientists and engineers.'’ (See appendix table 
3-9.) These scientists and engineers represented 2.0 per- 
cent of all industry employment, up slightly from 1.9 per- 
cent in 1984. Since the 1950s, industrial employment 
patterns for scientists and engineers have shifted signifi- 
cantly, with strong growth in the 1950-70 period, stagna- 
tion and decline in the early and mid-1970s, resurgence 


Analyses in this section are based on data from the U.S. Bureau of 
Labor Statistics’ (1994) National Industry-Occupation Employment 
Matrix 1983-1993 Time Series. Data in the matrix were based on infor- 
mation collected from the BLS Occupation Employment Statistics sur- 
veys. This large, establishment-based survey collects information on 
employment in S&E jobs. The individuals holding these jobs need not 
be formally trained in S&E but rather can have the equivalent of 4 
years of training in a related S&E field. 

Note that the Occupational Employment Survey (OES) data do not 
necessarily classify S&E personnel engaged in management as part of 
the S&E workforce. In the OES survey, management is a unique occu- 
pation; in other surveys referenced in this chapter, management is a 
permissible S&E job function. 
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in the late 1970s and 1980s, and generally falling rates of 
growth in the early 1990s. 

While the overall number of S&E jobs in industry 
increased by about 2.5 percent between 1990 and 1993, 
employment in most S&E occupations declined. The prin- 
cipal factor contributing to the increase in total industrial 
S&E employment in the early 1990s was the growth in the 
number of computer- and mathematics-related jobs. 
These jobs accounted for 28 percent of industrial S&E 
employment in 1993, up from 21 percent in 1990. 


Manufacturing Industries 


In 1993, about 263,000 scientists and 613,000 engi- 
neers—44 percent of the total industrial S&E labor 
force—were employed in manufacturing industries. 
Between 1990 and 1993, employment in science occupa- 
tions increased at an average annual rate of 3.5 percent 
per year, while engineering employment declined at an 
average rate of 4 percent annually. Total manufacturing 
employment dropped by 2.3 percent per year. 

In general, the decline in engineering employment in 
manufacturing in the early 1990s was across the board. 
Four of the five largest engineering specialties and the 
five manufacturing industries employing the largest 
numbers of engineers declined between 1990 and 1993. 
The largest percentage cutback was in aeronautical/ 
astronautical engineering (33 percent). The entire loss 
appears to have occurred in the transportation equip- 
ment industry, which is the largest employer of aeronau- 
tical/astronautical engineers. Many of these engineers 
were working for aircraft and missile companies and were 
assigned to defense-related projects that are being cur- 
tailed or eliminated (BLS, 1994). 

Job losses in industrial engineering numbered 16,000 
between 1990 and 1993, about the same as in aeronauti- 
cal/astronautical engineering. (See figure 3-11.) The 
transportation equipment industry, the largest employer 
of industrial engineers in the late 1980s and early 1990s, 
accounted for 75 percent of the decrease in industrial 
engineering jobs in manufacturing (BLS, 1994). 

Between 1990 and 1993, 36,000 electrical/electronics 
engineering jobs were lost, the largest absolute decline 
of any engineering specialty. The largest cutbacks were, 
again, in the transportation equipment industry, the elec- 
trical equipment industry, and the instruments and relat- 
ed products industries. However, many of these job 
losses were probably offset by increases in computer- 
and mathematics-related jobs (especially computer engi- 
neering, which is very closely related to electrical/ 
electronics engineering). 

Unlike engineering, the total number of scientists’ 
jobs in manufacturing increased during the early 1990s. 
Growth in science occupations was attributable to 
increases in life science and computer/mathematics 
occupations. There were approximately 26,000 more sci- 
entists working for manufacturing firms in 1993 than in 
1990. (See appendix table 3-9.) During that 3-year period, 


the number of life scientists increased by 4,000, while 
the number of jobs in computer and mathematics related 
specialties rose by 26,000. 


Nonmanufacturing Industries 


In 1993, the nonmanufacturing industry sector provid- 
ed jobs for an estimated 1,130,000 scientists and engi- 
neers, or 56 percent of total industrial S&E employment. 
(See appendix table 3-9.) The majority of the sector's 
S&E employees were in science occupations—634,000 
versus 496,000 engineering jobs. Most of these scientists 
and engineers were in the service-producing industries 
and a small proportion were in mining and construction. 
S&E employment in nonmanufacturing indusiries 
increased moderately during the early 1990s at an aver- 
age annual rate of 3.2 percent. This increase can be 
attributed to two main factors: 


@ Agreater share of industrial S&E jobs were located in 
the nonmanufacturing sector in 1993 versus 1990, 
and 


@ The nonmanufacturing sector, unlike the manufac- 
turing sector, experienced general economic growth 
with attendant increases in overall total employment. 


Total employment in nonmant facturing industries 
grew at an average annual rate of slightly less than 1 per- 
cent between 1990 and 1993, while the proportion of the 
nonmanufacturing workforce in S&E positions increased 
during this time from 1.3 percent to 1.4 percent. 

The major nonmanufacturing industries in terms of 
S&E employment in 1993 were 


@ Engineering and management services (455,000 
S&E jobs); 


@ Business services (239,000 S&E jobs); and 


@ Financial services (125,000 S&E jobs). 


Together, these industries provided over two-thirds of 
all S&E jobs in the nonmanufacturing sector (SRS, forth- 
coming [c]}). 

Similar to the decline in engineering employment in 
the manufacturing sector in the early 1990s, the number 
of engineering jobs in the nonmanufacturing sector 
declined by 6 percent between 1990 and 1993. Most of 
the loss occurred in the engineering and management 
services industries. Meanwhile, the number of science 
occupations in the nonmanufacturing sector increased 
by 26 percent between 1990 and 1993. The computer and 
mathematics-related specialties were largely responsible 
for this growth; the number of jobs in these fields 
increased by more than 50 percent during that period. 


Federal Employment 
of Scientists and Engineers 


Although Federal government agencies employed 
only a fraction (about 1.5 percent) of all employed scien- 
tists and engineers in 1993, they are worth examining as 
a group for two reasons: They play strategic roles in 
Federal R&D funding and regulatory activities and they 
exemplify public policy in the deployment of persons 
with advanced training. 

Employment of Federal scientists and engineers rose 
from 185,623 in 1989 to 196,908 in 1993. (See text table 
3-10.) This change represents an increase of 6 percent 
over 4 years. Scientists and engineers employed in S&E 
jobs in the general U.S. economy increased by an esti- 
mated il percent. By comparison, overall U.S. Federal 
employment during the 1989-93 period increased by 
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Text table 3-10. 

Federal scientists and engineers, by major occupational group: 1969-83 

Occupation 1969 1980 1991 1992 1983 

Total, all SRE occupations........... 185,623 189,049 194,726 198,853 196,908 

All scientists... 6... eee 89,530 92,467 96,919 101,006 101,348 
Computer & mathematical scientists . . 25,737 26,725 28,210 29,371 29,691 
Life scientists ................... 23,082 24,009 25,280 26,765 26,920 
Physical scientists................ 23,204 23,725 24,140 24,427 24,118 
Social scientists ................. 17,507 18,008 19,289 20,443 20,619 

PR a ncisberedesetccnens 96,083 96,582 97,807 97,847 95,560 
Aerospace engineers ............. 8,433 8,624 8,777 8,584 8,330 
Chemical engineers .............. 1,503 1,413 1,344 1,311 1,245 
Civil engineers .................. 13,945 13,621 13,357 13,231 12,874 
Electrical, electronics, & 

computer engineers.............. 31,121 31,699 32,753 32,955 32,374 

industrial engineers............... 3,463 3,419 3,173 3,016 2,725 
Mechanical engineers............. 12,186 11,787 11,763 11,532 11,1598 
Other ergineers ................. 25,442 25,819 26,640 27,218 26,853 


SOURCE: National Science Foundation, OPm Central Personne! Data File. 


only 1.5 percent. In 1989, scientists made up 48 percent Text table 3-11 

and engineers made up 52 percent of the Federal S&E Employment change and four-year growth rate of 
workforce. By 1993, the percentage of scientists (51 per- Federal scientists and engineers, by selected 

cent) had surpassed the percentage of engineers (49 per- agency: 1969-93 

cent). Among Federal scientists during the 1989-93 

period, social scientists showed the largest growth (17.8 ~ Employment 
percent), followed by life scientists (16.6 percent), com- : 
puter and mathematical scientists (15.4 percent), and a" — hana —— 
physical scientists (3.9 percent). otal CCC SESH ESE EEE EEE 6.1 285 

Overall Federal employment of engineers decreased ea te eeeeee aa a 
by 0.6 percent during this period. Among the major engi- Soon aaa 2,031 
neering occupational groups, the change in employment Department of the Army........ 4.7 -1,657 
ranged from an increase of 4.0 percent for electrical, eet ago | seseeees = “a 
electronics, and computer engineers to a decrease of Otter detenee agencies neyetigl 1,273 
17.2 percent for chemical engineers. Department of Energy .......... 33.7 1,294 

Department of 4 
Human Services ............. 18.4 1,493 
Agency of Employment Department of Housing & 

Between 1989 and 1993, the rise in Federal S&E Pan ct « ON 108s 
employment varied by agency. The largest decreases Department of Justice .......... 63-6 1,004 
during the period occurred within the Department of Department of Labor........... 13.2 250 

one 9 1% en die Departmont of State............ 18.2 524 
De ,enSE (DOD) (2,031). (See text table 3-11.) In 1993, Department of Transportation oe ane 19.3 882 
46.8 percent of all Federal scientists and engineers were Department of the Treasury ...... 37.6 945 
employed at DOD, down from 50.7 percent in 1989. This Department of Veterans Affairs.... 21.7 954 

a , Environmental Protection Agency.. 24.0 1,558 

change was due in good part to the reductions in General Services Administration... 32.0 227 

defense spending from 1989 to 1993. The 4-year growth National Aeronautics & Space on 

> Nncies : - nercent: ‘vy increase Administration............... 42 

for all other age ncies was 14.6 percent; they increased bree 108 20 

their share of all Federal S&E employment from 49.3 per- Nuclear Regulatory Commission. 93 136 
cent in 1989 to 53.2 percent in 1993. U.S. International Development 

Coop Agency .... 6... cc nn. -19.7 -115 

All other agencies............. 5.0 158 


Work Activities 

Federal scientists and engineers changed their work 
activities during the 1989-93 period. (See appendix table 
3-10.) The percentage of scientists and engineers report- 
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ing primary work activities associated with defense 
design, production, and construction activities decreased 
during this period. Research, development, test and eval- 
uation, and data collection processing and analysis are 
primary work activities showing less relative participa- 
tion in Federal S&E employment during 1989-93. 
However, throughout the period, development and 
research continued to be the largest work activities for 
Federal scientists and engineers. 


Demographics 

During the 1989-93 period, the Federal S&E work- 
force aged significantly and dramatically increased the 
proportions of female scientists and engineers. In 1989, 
25.1 percent of the scientists employed by the Federal 
Government were under the age of 35, and 10.6 percent 
were 55 years of age or older. By 1993, only 22.6 percent 
of the scientists were under the age of 35, and 11.5 per- 
cent were 55 years of age and older. (See appendix table 
3-11.) The same trend held for engineers. Ethnic/racial 
minorities also significantly increased their share of 
Federal S&E emr*oyment. 

The number of female scientists and engineers 
employed in the Federal Government increased dramati- 
cally by 27 percent between 1989 and 1993: from 29,328 
to 37,341. (See appendix table 3-12.) In contrast, the 
number of male scientists and engineers grew by only 2 
percent over the same period. Despite higher growth 
rates for women, in 1993 females accounted for only 27.3 
percent of all Federal scientists and 10.1 percent of all 
Federal engineers, up from 23.6 percent and 8.6 percent 
in 1989, respectively (SRS, forthcoming [a]). 

The number of Federal scientists and engineers who are 
members of ethnic/racial minority groups rose from 26,052 
in 1989 to 30,810 in 1993. (See text table 3-12.) Most of this 
increase is attributed to the 20.9 percent increase in the 
number of Asians, who rose from 9,866 to 11,930 during the 
period. In contrast, the number of black scientists and engi- 
neers increased by 15.1 percent and the number of Native 
Americans grew 34.4 percent. Hispanics showed a 19.9 per- 
cent increase, rising from 5,331 in 1989 to 6,394 in 1993. 


Text table 3-12. 


Salaries 


From 1989 to 1993, the median annual base salaries of 
Federal scientists and engineers increased 21.9 percent 
from $41,100 to $50,100, a higher rate of increase than 
the annual average weekly earnings increase in national 
private nonagricultural industries, which rose only 12 
percent during the same period. (See appendix table 
3-13.) This increase may be accounted for by increases 
in the age, experience, and education levels of the 
Federal S&E workforce. The median salaries for engi- 
neers are 24.5 percent higher than those for scientists, 
and the percent change in salaries for engineers out- 
paced that for scientists (19.1 percent). 


Supply and Demand Outlook for 
Science and Engineering Personnel 


Projecting supply and demand for S&E personnel is 
not without risks. Few people would have predicted the 
end of the Cold War in the late 1980s or the explosive 
expansion of the Internet in the 1990s. It is similarly diffi- 
cult to anticipate other changes in national priorities that 
may affect employment for S&E personnel. Projections of 
future labor market conditions are dependent on the eco- 
nomic assumptions used, and therefore, can be incorrect 
if conditions change. This section provides several differ- 
ent growth scenarios, as well as information on the eco- 
nomic assumptions underlying them, in an attempt to 
provide a useful way to think about possible employment 
outcomes for S&E trained personnel. 

This section presents findings of an analysis conduct- 
ed by Dr. Robert Dauffenbach of the University of 
Oklahoma."* The objectives of the study were twofold: 


'*Estimated employment growth for the study was generated by Data 
Resources, a private economic forecasting firm. The supply projections, 
perhaps the distinctive feature of this analysis, were based on a model 
that incorporates all major sources of response to changes in demand. 
Developed by Dr. Robert Dauffenbach (University of Oklahoma) with 
support from NSF, these projections are intended to identify potential 
problems within the S&E labor market, as well as to assist in under- 
standing the dynamics and flexibility of S&E labor supply. 


1980 1901 1982 
189,049 194,726 198,863 
161,431 166,564 188,316 

8,712 9,216 9,579 

10,566 11,192 11,764 

5,687 6,071 6,364 

1,002 1,108 1,198 

1576 1,523 1,516 

76 54 126 


SOURCE. National Science Foundation. opm Central Personne! Data File. unpublished tabulations. 
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first, to estimate the change of S&E personnel require- 
ments during the 11-year period between 1994-2005; sec- 
ond, to assess the adequacy of the projected supply of 
such personnel available to meet those requirements. 
The model presented here represents one of several pos- 
sible approaches to examining the outlook for S&E per- 
sonnel. Equally robust models with different assumptions 
about demographic trends, or incorporating different per- 
sonnel populations, job mobility, and other factors are 
likely to yield different results. Therefore, in providing 
this information, the National Science Board and the 
National Science Foundation are not endorsing a particu- 
lar outcome, but rather are presenting severa! scenarios 
to examine and provide information on how various fac- 
tors affect the dynamics of the S&E labor market. 

According to the study, the next decade should be a 
period of relative stability in S&E labor markets, particu- 
larly as compared with the employment declines experi- 
enced by S&E workers in the early 1990s. This 
conclusion has been reached after a careful examination 
of the following: 


@ Arange of likely demand scenarios to determine how 
alternative national economic growth patterns might 
affect S&E employment, and 


@ Supply side simulations to test the ability of the sup- 
ply system to respond to these various demand 
scenarios. 


The supply and demand models used to produce these 
eimulations try systematically to account for the many 
institutional features, individual behavior patterns, demo- 
graphic trends, and economic forces that govern S&E labor 
markets (Leslie and Oaxaca, 1991). Results and features of 
these models are provided in this section. Since it is not 
possible to predict with certainty how the economy will 
change over time, a range of outcomes is modeled, within 
which the actual S&E requirements are likely to fall. 
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Operations of the Science 
and Engineering Labor Market 


The performance of the U.S. economy is the major deter- 
minant of current and future demand for scientists and 
engineers. It is important to understand the basic opera- 
tions of the economy in generating jobs for scientists and 
engineers (see Science and Engineering Employment: 
Projecting the Demand Side) and in filling those jobs 
through education and training institutions (see Science 
and Engineering Employment: Projecting the Supply Side). 
The models upon which the following results are based 
attempt to capture these fundamental operations systemat- 
ically. In this manner, alternative scenarios about the 
future and the ability of the supply system to meet such 
contingencies can be examined and assessed. 


Projected Demand for Science 
and Engineering Personnel 


As described above, projections are forecasts that are 
conditional upon a variety of assumptions. These 
assumptions depict expected economic, institutional, and 
social conditions. The analysis in this section was, there- 
fore, designed not to provide a single numeric estimate 
of future employment requirements, but, instead, to pro- 
vide a range within which employment growth is likely 
to occur during the 1994-2005 period. 

In total, three projections scenarios—a low, a mid, and 
a high—were analyzed with the demand model, using 
alternative sets of economic assumptions'’ designed to 
encompass likely economic performance during the sim- 
ulation period 1994-2005. (See the summary shown in 


"pri generated these projections of scientist and engineer require- 
ments. The economic assumptions used by the three projectior sce- 
narios—low, mid, and high—were also provided by DRI. The s enarios 
were run in the summer of 1995. Based on these assumraons, DRI 
generated estimates of projected growth in total employment demand 
by sector. The U.S. Bureau of Labor Statistics occupational structure 
was applied to the total employment projections where necessary. 


f 


TH 
til 


| 


Chapter 3. Science and Engineering Workforce 


Many factors must be considered on the supply 
front. A large amount of attention is typically paid to 
the production of S&E college degrees at both the bac- 
calaureate and graduate levels. Underlying demo- 
graphic trends of prime college-age groups, their rates 
and trends in college attendance, their willingness to 
pursue S&E degrees, and their willingness to work in 
S&E jobs once they graduate must also be examined. 
Recent college graduates represent a flow of new S&E 
personnel into the suj,ply system. (See Labor Market 
Experience: Recent Science and Engineering 
Bachelor’s and Master’s Graduates in this chapter.) 

These flows of newly trained personnel are much 
smaller than the stocks of employed persons in various 
S&E occupations. (See National Science Board (NSB) 


Science and Engineering Employment: Projecting the Supply Side 


labor market stocks and flows.) The stocks of 
employed persons in S&E occupations, in turn, are 
smaller than the total number of personnel with S&E 
training in the workforce. Take, for example, engi- 
neers. In 1989, there were 67,200 bachelor’s degrees 
awarded in engineering and about 1.6 million people 
employed in engineering jobs (not all of whom had 
engineering degrees). Consequently, small changes in 
the behavior of experienc.’ workers can have Crainat- 
ic supply consequences. Supply models must capture 
the behavior of experienced workers through analysis 
of the longevity of S&E careers. Such models must also 
take into account the willingness and ability of S&E- 
trained personnel to work in occupations that do not 
exactly match their training (Dauffenbach, 1990). This 


1989, pp. 77-80, for an extensive discussion of S&E latter concept is known as field mobility. 
Text table 3-13 Text table 3-14. 
Summary statistics for macroeconomic senarios Projected science and employment 
1994—2005 growth 1994-2005, under alternative scenarios 
1990-94 1994-2005 Scenarios 
Macroeconomic scenarios Occupational group Low - Mid High 
indicators Low Mid —— Percent change ——— 
= All occupations... ..... 12 16 20 
Average annual 
real growth (percent) Total scientists and ™ « - 
Se 2.1 17 25 32 | | | e@ngineers........... 
Consumption........... 23 15 23 29 “Computer and math 
Business fixed investment . 5.1 33 44 55 specialists ........ 66 82 104 
64456 tevneeeed 65 65 73 60 Engineers ......... 19 Ka 49 
Pin +44 idekeeeed 79 54 63 72 Life scientists....... 1§ 23 3% 
Physical scientists. . 3 4 14 
Average annual Social scientists ..... 15 22 28 
growth (percent) 
Labor force ............ 12 11 #14 16 SOURCE Data Resources (DR!)/McGraw Hill, unpublished tabulations. 
hee reead 1.9 09 14 19 Science & Engineering indicators - 1996 
industrial production... . . . 27 20 29 36 
Average level 
@ Low growth—S&E employment is expected 
inflation (GNP - 2.7 43 26 16 , 29 percent: 
( ppeeteeo aa an ae Oat to expand by 32 percent; 


NOTES Growth rates for the projection period are compound annual 
growth rates calculated between the years 1994 and 2005 Level vari- 
ables are averages for the years 1995 to 2005. 

SOURCES Data Resources (DRI)/McGraw Hill, unpublished tabulations. 
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text table 3-13.) Aggregate growth in demand for S&E 
personnel varies considerably under the three alterna- 
tive economic growth scenarios. (See text table 3-14.)°" 


"The projected changes in employment demand in this section are 
based on data from the US. Bureau of Labor Statistics (BLS) Current 
Population Survey. Projected employment changes from the BLS for 
the same period (1994-2005) are based on the BLS Occupation 
Employment Statistics establishment surveys. Because of these differ 
ences, the growth rates presented here may differ from those present 
ed by BLS for the 1994-2005 period. Additionally, the DRI model 
incorporates a dynamic link to RAD expenditures which typically has a 
disproportionate impact on demand for S&F personnel 


@ Mid growth—S&E employment is expected to 
expand by 46 percent; and 


@ High growth—S&E employment is expected 
to expand by 62 percent. 


(The scenarios are not predictions; consequently, 
departures from the assumptions on which the scenarios 
are based may alter future outcomes significantly.) By 
way of comparison, total employment is projected to 
grow by approximately 16 percent under the mid-growth 
scenario. Widely varying differentials in growth are 
expected among the five broad groupings of S&E 
employment: engineers, mathematics and computer 
specialists, life scientists, physical scientists, and social 
scientists. Under the mid-growth scenario, for example, 
engineering employment is expected to rise by almost 
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35 percent between 1994 and 2005, while physical sci- 
ence employment is expected to increase by roughly 4 
percent. Mathematics and computer science employ- 
ment is expected to grow by more than 80 percent. 
Demand for life scientists and social scientists is project- 
ed to increase by 23 percent and 22 percent, respectively. 


Supply-Side Responses 


There are many avenues for correcting labor market 
imbalances generated by disparate growth patterns, 
including the following: 


@ More students can pursue college degrees and major 
in high-growth occupational specialties and fewer will 
enter training in low-demand specialties; 


@ Recent graduates with related degrees can seek addi- 
tional training to qualify in high-growth employment 
categories; 


@ Early retirement can occur in cases of excess supply; 
postponements, in cases of excess demand; 


@ Personnel standards can be relaxed when excess 
demand develops; 


@ Personnel can be retrained and occupationally 
upgraded; 


@ Migrants from abroad can lessen supply/demand dif- 
ferentials in high-demand areas; and 


@ Individuals educated and trained in S&E fields that 
are in excess supply may have to seek alternative 
careers. 


The supply model seeks to capture these various 
facets of flexibility in system operations. However, the 
amount of flexibility the supply model exhibits must be 
based on historical magnitudes (Collins, 1988). 

Supply model simulations were run on each of the 
three demand scenarios.”: The low-growth simulation 
shows supply exceeding demand by 2 percent overall by 
the end of the next decade. (See text table 3-15.) Under 
this scenario, the difference in supply and demand is 
largest for the physical sciences and least for mathemat- 
ics and computer science, with engineering showing an 
excess supply of 2 percent. 

The mid-growth scenario shows overall demand 
slightly exceeding supply by the year 2005. The magni- 
tude of the excess demand is low, however, at 4 percent. 
Furthermore, much of the differential is attributable to 
large employment gains projected in the past 3 years of 
the forecast. Until 2002, the S&E labor market appears to 
be in approximate balance. 


21The S&E supply model used to produce these estimates was devel- 
oped for NSF by Dr. Robert C. Dauffenbach (the University of Okla- 
homa). The current model builds upon earlier research of Robert 
Dauffenbach and Jack Fiorito (1983). 


Text table 3-15. 


specialists ........ 1 Be. 14 
Engineers ......... -2 4 10 
Life scientists....... - yr ; 
Social scientists ..... -2 2 8 


SOURCE: R.C. Daufienbach, the University of Oidahoma, unpublished 
tabulatons. 
Science & Engineering indicators - 1906 


The high-growth scenario, as noted, yields a 62-per- 
cent growth in overall employment demand for scientists 
and engineers from 1994 to 2005. Such a large expansion 
of S&E employment could result in excess demand in 
some fields. Overall, these differentials could reach a 
demand 10 percent in excess of supply. For mathematics 
and computer science, the differential would be near the 
14-percent mark. For the physical sciences, excess 
demand would be approximately 3 percent. In 2000, the 
overall differential is about 4 percent. Thus, the high- 
growth aspects of the forecasted supply/demand differ- 
entials, that is, above the 5-percent level, occur in the 
distant years of the forecasts. If the high-growth scen2rio 
materialized, there should be sufficient time for the labor 
market for scientists and engineers to respond to the 
new higher demands. 


Supply Flexibility 


The supply system has historically exhibited a fairly 
high degree of flexibility. However, it is not infinitely 
responsive, and unforeseen shocks could cause disloca- 
tions beyond those found in the likely range of scenarios 
discussed above. Other factors limit its flexibility as well: 


@ The adjustment mechanisms the supply system 
incorporates are not without costs in lost productivi- 
ty; retraining expenses; and employer, industry, and 
occupational mobility. 


@ In the high-growth scenario, it may prove difficult for 
higher education to respond to the demand for 
degrees in fields experiencing relatively high sup- 
ply/demand differentials. 


As costly as such dislocations are, the supply system 
appears capable of adjusting to rather wide differentials 
in demand growth. The overall demand growth differen- 
tial between the low and high scenarios is 30 percentage 
points (62-percent growth in the high-growth scenarios 
versus 32-percent growth in the low-growth scenario). 


3-22 ¢ 


Supply system operations reduce this differential to about 
one-third its former size: 10-percent excess demand to 2- 
percent excess supply, or a 12-percentage-point differen- 
tial. (That is, about 60 percent of the difference in 
demand between the high- and low-growth scenarios can 
be accommodated by adjustments in the supply system.) 

None of these numbers represents a high degree of 
disequilibrium in the market for scientists and engi- 
neers. These demand scenarios and attendant supply 
processes can thus be said to exhibit relative balance for 
S&E labor markets to the year 2005. Since the differen- 
tials that develop in the high-growth scenario occur late 
in the forecast, there is ample response time if the future 
unfolds in this manner. Of course, spot differentials in 
certain S&E fields are possible. 


immigrant Scientists and Engineers 


Science has always been an international activity— 
with researchers and students seeking the best places to 
learn and to do their research—and immigrant scientists 
and engineers have always been an important part of U.S. 
science. The importance of this international movement 
has not diminished. 

As of 1993, 23.0 percent of S&E doctorate holders 
under age 76 and residing in the United States were for- 
eign born.” (See figure 3-12.) Slightly more than half of 
these (53 percent) have U.S. citizenship. The percentage 
of the foreign-born individuals among Ph.D. fields 
ranges from 40.3 percent in engineering to 13.1 percent 
in the social sciences. 

Foreign-born scientists and engineers account for a 
larger proportion (27.8 percent) of Ph.D. scientists 
engaged in research and development as a primary or 
secondary activity (NSF, 1995). By field, this ranges from 
15.9 percent in the social sciences to 43.4 percent in 
engineering, and is greater than the representation of 
foreign born individuals among the Ph.D. population for 
each broad Ph.D. field. 

Although a majority of foreign-born Ph.D. level scien- 
. tists and engineers in the U.S. received their training 
from U.S. institutions, 34.1 percent received their degrees 
outside the United States. (See figure 3-12.) This percent- 
age varied by field, from 11.8 percent for the social sci- 
ences to 48.6 percent for the life sciences. This migration 
of foreign-educated talent is large and undoubtedly aids 
the international dissemination of ideas. Overall, in 1993, 
7.8 percent of all Ph.D. scientists and engineers in the 
United States had received their doctorates from foreign 
schools. (See appendix table 3-12.) 


These data come from the NSF’s 1993 National Survey of College 
Graduates (NSCG). The NSCG is a large sample of people with a bache- 
lor’s degree or higher at the time of the 1990 U.S. Census, reinterviewed 
in 1993. Although the sample size of Ph.D.s (10,000) is far smaller than 
on the SDR, it has an advantage over the SDR in capturing information on 
Ph.D.s from foreign institutions. The NSCG, however, does not include 
anyone in the United States who did not answer a Census form in 1990, 
and thus does not include the most recent immigrants. 
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A distribution of foreign-born S&E doctorates resident 
in the United States demonstrates that S&E immigration 
is not a new phenomenon. (See figure 3-13.) Note that 
this statistic is not the same as a record of S&E admis- 
sions into the United States—such a record, by educa- 
tion level, does not exist. Also, the count of doctoral S&E 
immigration from earlier years may no doubt be reduced 
by both human mortality and, more important, emigra- 
tion. The median year of entry for 1993 foreign-born doc- 
toral S&E was during 1970-74.” 

Information on the number of scientists and 
engineers, by occupation, receiving permanent resident 
visas is available from the Immigration and Natural- 
ization Service (INS).24 The INS determines an immi- 
grant’s occupation differently for occupation- and 
non-occupation-based admissions.” For those admitted 
under an occupational preference, the occupation 
recorded is the job the immigrant will be taking in the 
United States. For all other immigrants, occupation is 
recorded as the occupation held in the last country of 
residence. An additional limitation of the INS data is that 
there is no information on degree level. It seems likely 
that the vast majority of individuals listing S&E occupa- 
tions are not doctorate-level scientists.” 

During the 1980s, immigration of scientists and engi- 
neers was fairly stable, increasing slightly each year. 
However, in 1992, there was a large jump in admissions of 
scientists and engineers totaling 22,870, or a 62-percent 
increase over immigration in 1991. (See appendix table 3- 
15.) The cause of this large increase is clearly related in 
part to the changes in the immigration law enacted in 
1990. The Immigration Act of 1990 permit < large increas- 
es in employment-based quotas for highly skilled workers. 

Despite an overall decline in immigration to the 
United States in 1993, the admission of scientists and 
engineers continued to rise. According to INS data, 
23,534 scientists and engineers were admitted to the 
United States on permanent visas in 1993, representing a 
3.1-percent increase over 1992. The total immigration to 
the United States in 1993 is estimated at 904,292; scien- 
tists and engineers constituted 2.6 percent of this total. 

Engineers made up 61.6 percent of the tota: .&E per- 
manent visas in 1993. Mathematical scientists and com- 
puter specialists accounted for nearly half of the 
remaining S&E permanent visas (SRS, forthcoming [b]). 


23Information on year of entry is reported on the NSCG for aggregate 
periods, so the exact median year of entry can not be calculated. 

**This information is available in special tabulations done by NSF and 
published in a series of reports: /mmigrant Scientists, Engineers, and 
Technicians: 1991-1992 (SRS, 1995a). 

Until 1992, most scientists and engineers, as well as most immi- 
grants to the United States of any occupation, entered using visa pref- 
erences for family members. Even after the increase in the availability 
of occupational visas, effective in 1992, only around half of scientists 
and engineers enter through occupational preferences. 

26By way of comparison with another data set identifying scientists 
and engineers only by occupation, on the 1990 U.S. Census only 5 per- 
cent of scientists and engineers reported having doctorates, and one- 
third reported having less than a bachelor’s degree. 
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Women represented 21.3 percent of scientists and 
engineers admitted to the United States with permanent 
resident status in 1993, with 5,020 female scientists and 
engineers admitted. INS data for 1989 to 1993 show that 
the number, as well as the proportion, of female scien- 
tists and engineers immigrating to the United States has 
consistently increased over time. (See figure 3-14 and 
appendix table 3-15.) 


Figure 3-13. 
Foreign born scientists and engineers, 
by year of entry: 1993 


Percent of total foreign S&E 
25 


| [B Social sciences 

§B Physical sciences 

20 | EB Life sciences 

| [BB Engineering 

8 Computer/math sciences 


—_ 1960-69 1980-64 1885-69 1970-74 1975-79 1980-64 1985-00 
Year of entry to United States 


SOURCE: Science Resources Studies Division, National Science 
Foundation, 1993 National Survey of Colleges Graduates, 
unpublished tabulations. 
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Observation of the age distribution for persons admitted 
in 1993 indicates that about 58 percent of immigrant scien- 
tists and engineers were between 30 and 44 years old, 
nearly 28 percent were younger than 30 years old, and 
about 13 percent were 45 years old or older. This age dis- 
tribution has held fairly constant for the past several years. 

Data for 1993 show that most scientists and engineers 
admitted to the United States as permanent residents 
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identify their country of birth as being in the Far East 
(SRS, forthcoming [b]). In 1993, 57.9 percent of all scien- 
tists and engineers admitted were from the Far East. 
India was reported as country of birth for 17.5 percent of 
all S&E immigrants, and China was reported by another 
20.4 percent of those admitted. Immigration from these 
two countries combined to account for 37.9 percent of all 
S&E immigration, which is an increase from 1992, when 
29.2 percent of all S&E immigrants reported either India 
or China as their country of birth. Observation of INS 
data for previous years shows that immigrants from the 
Far East have constituted a large and growing propor- 
tion of all S&E immigration. 

Prior to 1991, the majority of S&E immigration was 
new arrivals; only a few scientists and engineers already 
in the United States had resident status adjusted from 
temporary to permanent. Data for 1991 showed propor- 
tions of both new arrivals and adjustment-of-status cases 
to be roughly equal, while 1992 adjustment-of-status 
cases increased to 65 percent of S&E immigration in that 
year. (See appendix table 3-15.) This trend has continued 
in 1993, with 68.5 percent of all SE immigration result- 
ing from adjustment-of-status cases. 

In the wake of the 1989 Tienamen Square incident, 
Congress enacted the Chinese Student Protection Act of 
19°°, permitting Chinese nationals temporarily residing 
in the United States to adjust to permanent resident sta- 
tus. Under the provisions of the Act, 1,403 scientists and 
engineers were admitted in 1993. Also admitted under 
the Act were 654 technologists and technicians. Further 
adjustment-of-status cases resulting from this Act will be 
reflected in 1994 immigration because not all applica- 
tions were submitted and processed in 1993. 


Science and Engineering Workforce 
Issues in an International Perspective 


A country’s employment of scientists and engineers is a 
significant indicator of its level of effort in, and relative 
national priority for, science and technology. Thus, compar- 
ative data highlight the relative standing of the United 
States vis-a-vis other potential partners and competitors in 
the emerging global economy. Comparative data also 
enhance understanding of the U.S. role as an important sup- 
plier of advanced S&E training for the world’s S&E work- 
force. Changes in this role can have significant effects on 
U.S. graduate education as well as on labor market condi- 
tions for scientists and engineers within the United States. 

International comparisons of S&E personnel are more 
complicated and considerably less developed than R&D 
expenditure data because of differences in countries’ def- 
initions of specific jobs and methods of data collection 
and estimation. This section compares the proportion of 
S&E workforces in a limited number of industrialized 
countries in terms of characteristics such as the S&E 
proportion of the total labor force and the distributions of 
scientists and engineers by gender and sector. 
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Science and Engineering Employment 
as a Proportion of the Labor Force 


More nonacademic scientists and engineers—3.5 mil- 
lion—are employed in the United States than in any other 
major industrialized country.”’ (See appendix table 3-16.) 
Japan ranks a distant second with 2.3 million nonacadem- 
ic scientists and engineers. Until recently, the United 
States also had the highest proportion of its labor force 
employed as scientists or engineers—328 per 10,000 
workers in 1986 (SRS, 1991). More recent data, however, 
show the U.S. ratio at 298, below the ratio for Sweden 
(522), Japan (380), and the United Kingdom (328). 


Employment of Women 


The United States has had more success than other 
industrialized countries in attracting women into the 
nonacademic S&E workforce. It has the highest propor- 
tion of female scientists in the labor force (54 per 10,000 
workers). (See appendix table 3-16.) Canada ranks sec- 
ond with 48, followed by Sweden (43), France (36), and 
the United Kingdom (32). Among these countries, the 
United States has the second highest proportion of 
female engineers (13 per 10,000 workers); Sweden has a 
higher ratio of female engineers (16). Although women 
are vastly underrepresented in engineering in all indus- 
trialized nations, their numbers have been increasing. 
For example, in the United States, the ratio of female 
engineers per 10,000 workers rose from 8 in 1986 to 13 
in 1992. In Japan, it rose from 3 in 1985 to 8 in 1990. 


Employment by Sector 


In five of the seven major industrialized countries, the 
services sector is the leading employer of scientists. 
Germany” and the United Kingdom are the exceptions— 
in both countries, the manufacturing sector employs the 
largest number of such scientists. (See appendix table 
3-17.) The manufacturing sector is the second largest 
employer of scientists in the other five countries. In the 
United States, the government sector employs the third 
highest number of nonacademic scientists. 

The manufacturing sector was the largest employer of 
nonacademic engineers in six of the seven countries 
compared. The proportions ranged from approximately 
31 percent in Canada to nearly half in Sweden, the 
United Kingdom, and the United States. In Japan, howev- 
er, more engineers are employed in the services sector 
than in manufacturing. 

Across all countries, engineers considerably outnum- 
ber scientists in manufacturing. By occupation, indus- 
trial/mechanical engineers constituted at least half of 
the S&E manufacturing workforce in the United States, 


2’These data are not available on an annual basis. They represent the 
most recent data available from individual countries. The tabulations 
reported above are provided by the Center for International Studies, 
U.S. Census Bureau, for NSF. 

*4German data in this section are for the former West Germany only. 
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the United Kingdom, and Sweden. (See appendix table 
3-18.) The proportion of these engineers was also high in 
France, Germany, and Canada, where they accounted for 
between 41 and 43 percent of all scientists and engineers 
employed in manufacturing. 

The distribution of the Japanese S&E manufacturing 
workforce differs from that of the other countries. In 
Japan, the largest proportion of its S&E manufacturing 
workforce was civil engineers (32 percent). (For all other 
countries except Germany, civil engineers accounted for 
less than 5 percent of the manufacturing S&E workforce.) 
Japan had the smallest proportion of natural scientists 
(4 percent) employed in manufacturing. 


Research and Development Employment 


Updated trend information is available from 1981 to 
the early 1990s on scientists and engineers involved in 
R&D in the labor forces of the “Big 7” industrialized 
countries. From 1981 to 1993, the U.S. percentage of total 
R&D scientists and engineers among the seven countries 
declined slightly, and Japan edged the United States out 
of its long-term lead in terms of the number of scientists 


e 
. 
ad . 
ee" -- om - 
. ** 
.* * 
.* 


. 
Prd 
Sad 
oe" 
Ohad 
” 
. 
. 
* 
. 
. 
. 
. 
* 
* 
* 


* 
oe" 


8 

‘ 

1 
. 
‘ 


+ 325 


and engineers in R&D per 10,000 in the labor force. 
(See figure 3-15 and appendix table 3-19.) 

Great disparities exist in the distributions of scientists 
and engineers engaged in R&D between the advanced 
industrialized nations, the newly industrializing coun- 
tries, and the developing economies of the world. (See 
figure 3-16.) Although the data for countries that are not 
part of the Organisation for Economic Co-operation and 
Development are subject to interpretation, the big pic- 
ture is quite clear—there is a strong correlation between 
level of industrialization and development and the pres- 
ence of S&E expertise in the labor force. With continued 
development, demand for S&E personnel should contin- 
ue, whether from in-country or foreign sources. 
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HIGHLIGHTS 


NATIONAL TRENDS IN RESEARCH 
AND DEVELOPMENT EXPENDITURES 


@ Growth in research and development (R&D) 


funding in the United States in the 1990s has 
not kept pace with inflation. Althcugh R&D invest- 
ment was expected to have reached an aii-time high 
of $171 billion in 1995, this amount actually repre- 
sents a 2-percent real decline in R&D spending over 
the level recorded for 1990. Neither of the two major 
sources of R&D support—industry (which supplies 
roughly 60 percent of the total) or the Federal 
Government (which supplies 36 percent)—outdis- 
tanced inflation. Industry funding was generally flat 
between 1991 and 1995, and Federal funding has 
been falling annually (in real terms) since 1987. 


dustry, the Federal Government, and academia— 
the last is the only one to have registered a real 
increase in R&D performance during the 1990s. 
The annual rate of increase in academic R&D perfor- 
mance, however, has been falling fairly steadily since 
the late 1980s. The Federal Government, which sup- 
plies about three-fifths of all funds used to perform 
R&D on college and university campuses, has been 
increasing its support of academic research continu- 
ously since 1982, even after adjustment for inflation. 


INTERNATIONAL COMPARISONS 
@ The United States accounts for roughly 44 per- 


cent of the industrial world’s R&D investment 
total, easily leading all other countries in terms 
of such support. Although the United States spent 
12 percent more on total R&D in 1993 than did Japan, 
Germany, France, and the United Kingdom combined, 
these four countries collectively spent 8 percent more 
on nondefense R&D than did the United States. 


@ The dual effects of economic recession and gen- 


eral government budgetary restraint have re- 
sulted in a worldwide pattern of constrained 
R&D funding since the late 1980s. Total R&D 
expenditures have stagnated or declined in each of 
the seven largest R&D performing countries, and 
R&D-to-GDP ratios similarly have dipped in the 
United States (from 2.8 percent to 2.4 percent), Japan 
(from 2.9 percent to 2.7 percent), and Germany (from 
2.9 percent to 2.5 percent). Russia has slashed its 
post-Soviet R&D activities. 


DEFENSE-RELATED ISSUES 


@ The lack of real growth in industrial R&D per- 
formance in the 1990s is largely due to the 
defense drawdown. Federal funding of R&D per- 
formed by companies has been falling steadily in 
both current and constant dollars since the late 


1980s. The impact of defense downsizing on federally 
funded R&D performed by industry was particularly 
severe in states such as California and Texas that are 
heavily dependent on the defense industry. Federal 
R&D support to firms that perform R&D in those 
states dropped dramatically between 1989 and 1993. 


@ The defense drawdown has had a multifold im- 
pact on federally funded R&D activity. Not only has 
it engendered restructuring of some industrial and 
nonprofit defense contractors, but also it has triggered 
an ongoing dialogue over the future mission of Federal 
laboratories. The role of these facilities in supporting 
commercially relevant R&D has been expanding. For 
example, the annual number of new Cooperative 
Research and Development Agreements increased 
between 1987 and 1994. DOD fundir+ priorities have 
also been affected as evidenced by an increase in finan- 
cial support for dual-use technologies (technologies 
with both military and civilian applications). 


INDUSTRIAL RESEARCH AND DEVELOPMENT PATTERNS 


@ The most striking recent trend in industrial 
R&D performance has been the increase in the 
proportion of total R&D performed by compa- 
nies classified in nonmanufacturing industries. 
Prior to 1983, nonmanufacturing industries account- 
ed for less than 5 percent of the industry total. That 
share grew steadily during the ensuing decade so 
that in 1993, nonmanufacturing firms represented 
more than 25 percent of all industrial R&D performed 
in the United States. 


@ Between 1984 and 1994, there were some sig- 


nificant changes among the 100 largest publicly 


held R&D-performing companies, although the 
four leading firms were the same in both 1984 


and 1994, During the decade, the number of phar- 
maceutical and computer hardware and software 
companies among the largest R&D performers rose. 
In contrast, the number of large defense contractors 
and chemical and petroleum companies among the 


largest R&D performers fell. 


manufacturing 

financing. In 1993, this ratio stood at 3.1 percent, simi- 
lar to that recorded for other recent years. The general 
stability of the R&D/sales ratio in the 1990s indicates 
that little change has occurred in the level of impor- 
tance accorded R&D, relative to other discretionary 
spending. That is, roughly the same proportion of com- 
panies’ income has been devoted to R&P for almost 10 
years. At 12.1 percent, the pharmaceutical industry had 
the highest and only double-digit ratio in 1993. 


@ Considerable indirect Federal R&D support is @ Cooperative R&D is becoming an increasingly 


provided to industry. Between 1981 and 1994, an 
estimated $24 billion was provided to industry 
through tax credits on incremental research and 
experimentation expenditures, an amount equivalent 
to about 3 percent of direct Federal R&D support dur- 
ing this period. Most of the credits have been 
claimed by manufacturing firms, but the nonmanu- 
facturing share has risen from less than 20 percent to 
about 24 percent of the total. 


@ The annual number of new joint research ven- 


tures has been growing fairly steadily for nearly 
a decade; more than 450 of these efforts were 
registered under the National Cooperative 
Research Act between 1985 and 1994. Most of 
the research conducted by these joint ventures has 
been process-oriented. Telecommunications and 
environmental research appear to be the most pre- 
dominant focus areas for joint research ventures. 


GOVERNMENT FOCUS BY NATIONAL OBJECTIVE 
@ Major factors influencing Federal support for 


R&D funding are efforts to reduce the budget 
deficit and the defense drawdown. The Depart- 
ment of Defense (DOD) and the Department of 
Energy, two of the four largest sources of Federal 
R&D support each, had constant-dollar reductions in 
R&D obligations during the 1990s. In FY 1995, DOD 
accounted for roughly half of all Federal R&D obliga- 
tions, down from nearly two-thirds of the total in 1986 
at the height of the Reagan defense buildup. 


At the same time military-related R&D spending 
was being curtailed, Federal investment in selec- 
ted civilian R&D activities increased, including 
support for research aimed at improving health 
and the environment and for technology advance- 
ment. The Department of Health and Human 
Services, which is a distant second to DOD in terms of 
total R&D support, had the largest absolute increase— 
$3.0 billion—in Federal R&D obligations during the 
1990s. The proportion of all U.S. R&D devoted to 
health-related projects has been increasing continu- 
ously for nearly a decade. The Commerce Department 
registered the largest percentage increase in Federal 
R&D obligations during the 1990s. Nearly all of this 
gain is attributable to rapid expansion of the National 
Institute of Standards and Technology's Advanced 


Technology Program, a program likely to be cut back 


important tool in the development and leveraging 
of science and technology resources. In fiscal year 
(FY) 1994, Federal agencies spent approximately $2.7 
billion on cooperative technology programs. Also, 
most states boosted their spending on these activities; 
in 1994, states spent a total of $385 million on coopera- 
tive technology programs, or 22 percent more than in 
the previous year. Thirteen states budgeted more than 
$10 million each for cooperative technology programs 
in 1994; North Carolina budgeted the most money. 


0 INTERNATIONALIZATION OF RESEARCH 
AND DEVELOPMENT AND TECHNOLOGY 


@ Industry’s use of international research/techno- 
logy partnerships increased in the early 1990s. 
Although the growth rate in the total number of 
known international multifirm R&D alliances may 
have tapered off since the late 1980s, such partner- 
ships are still expanding in several high technology 
areas. Notably, growth is occurring in alliances in- 
volving information technologies. 


@ Substantial R&D investments are being made by 
U.S. companies overseas. From 1985 to 1993, the 
overseas R&D investment of U.S. firms increased three 
times faster than did the R&D performed domestically; 
overseas investment accounts for an amount equiva- 
lent to more than 10 percent of industry’s domestic 
R&D spending compared with a 6-percent share in 
1985. (For nonmanufacturing industries, overseas 
R&D represented an amount equivalent to 7 percent of 
their 1993 performance total, compared with a 0.4-per- 
cent share in 1985.) Most of the U.S. R&D performed 
abroad is undertaken in Germany and the United 
Kingdom, but there has been considerable growth of 
U.S. R&D performed in Asian countries, including 


Japan, Singapore, and Indonesia. 


@ Substantial R&D investments are being made by 
foreign firms in the United States. In 1993, for- 
eign companies accounted for an amount equivalent 
to 15 percent (majority-owned foreign affiliates for 12 
percent) of all industrial R&D funding in the United 
States, compared with a 9-percent share in 1985. 
Foreign-funded research was concentrated in the 
chemicals, pharmaceuticals, and electrical equipment 
industries in 1993; the majority of funding came from 
Swiss, German, British, Canadian, and Japanese 
firms. Moreover, there were about 635 foreign-owned 


or eliminated in the near future. freestanding R&D facilities in the United States in 
1994; roughly one-third of these facilities are owned 
GEOGRAPHIC DISTRIBUTION OF RESEARCH by Japanese companies. 
AND DEVELOPMENT SPENDING 


@ Most R&D is undertaken in relatively few states. 
One-half of the Nation’s 1993 R&D total was expended 
in six states—California, New York, Michigan, 
Massachusetts, New Jersey, and Pennsylvania. Ten 
states account for two-thirds of the national total. 
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introduction 


Chapter Background 

Readers of this publication would be hard pressed to 
discover disagreement with the belief that investment in 
research and development (R&D) is good for the econo- 
my and the health and welfare of society. This axiom has 
always been the cornerstone of U.S. science and technolo- 
gy (S&T) policy. There is widespread consensus that the 
invention of new and improved products, processes, and 
services provides innumerable societal benefits, includ- 
ing a competitive and productive economy, a strong 
national defense, new diagnostic tools and treatments for 
disease, and protection of the environment. (See chapter 
8, Economic and Social Significance of Scientific 
Research.) 

Because S&T have such a pervasive impact on the 
quality of life and the standard of living in the United 
States and other industrialized nations, changes in the 
U.S. R&D enterprise attract considerable attention. In the 
past few years, a number cf new trends have emerged, 
including an increase in domestic and international col- 
laborative efforts within and across economic sectors, 
growth in R&D performed in the service sector, and 
industrial firms’ diminishing reliance on central research 
facilities for new S&T breakthroughs. In addition, 
defense downsizing, which began in the late 1980s with 
the end of the Cold War, is continuing to force a recon- 
figuration of industrial R&D activity and a redefinition of 
the mission of Federal laboratories. 

The change in the U.S. R&D enterprise causing the 
most consternation in the mid-1990s, however, is a lack 
of real growth in R&D investment. Although cutbacks in 
defense appropriations are responsible for a sizable por- 
tion of the reduction in R&D effort, the flow of dollars 
into civilian R&D projects also has been constricted. 

The immediate outlook for U.S. progress in S&T, there- 
fore, may not appear as optimistic as it did in the past. 
Despite the lack of growth in R&D funding, there are 
some positive signs, including 


@ A mushrooming of collaborative R&D efforts within 
and across sectors and with international partners, 


@ Continuing strong support for research performed on 
university and college campuses, 


@ An upsurge in state spending for cooperative techno- 
logy programs, and 


@ Historically high R&D funds-to-net-sales ratios for all 
R&D-performing manufacturing firms. 


The purpose of this chapter is to track these and other 
trends in financial investment in science and technology. 
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Chapter Organization 

This chapter contains seven sections. First, aggregate 
trends in R&D expenditures are discussed and analyzed. 
That section is followed by more detailed information on 
two of the major R&D-performing sectors: industry and 
the Federal Government. Also covered in this section are 
collaborative R&D activities and R&D data for federally 
funded research and development centers (FFRDCs). 

The third section is devoted to the most recent data on 
the geographic distribution of R&D expenditures, includ- 
ing information on state and Federal cooperative tech- 
nology programs. Defense-related S&T issues are 
discussed in the following section. 

International R&D comparisons are covered in the last 
three sections, including analyses of absolute levels of 
spending by country, R&D-to-gross-domestic-product 
(GDP) ratios, government focus by national objective, 
and the internationalization of R&D and technology. 


National Trends in Research and 
Development Expenditures 


Total U.S. investment in R&D reached an estimated 
$171 billion in 1995, up 1 percent in current dollars over 
the estimated 1994 level, but down 2 percent after adjust- 
ment for inflation.' Growth in R&D funding in the United 
States has not kept pace with inflation. R&D expenditures 
have been shrinking in recent years, although the annual 
decreases have been small, averaging an estimated 0.8 
percent between 1991 and 1995. Prior to 1991, the last 
time there was a constant-dollar reduction in total U.S. 
R&D spending was in 1975. Between 1975 and 1982, the 
inflation-adjusted annual rate of increase averaged 4.1 
percent; this rate rose to 8.1 percent between 1982 and 
1985, and slowed to 2.1 percent in the years leading up to 
1991. (See figure 4-1 and appendix tables 4-3 and 4-4.) 


'Throughout this chapter, current funding or expenditure data are 
presented in nominal dollars. In keeping with U.S. Government and 
international standards, R&D trend data usually are deflated to 1987 
constant dollars using the Gross Domestic Product implicit price defla- 
tor and are so indicated. (See appendix table 4-1.) Since GDP deflators 
are calculated on an economy-wide rather than R&D-specific basis, 
their use more accurately reflects an “opportunity cost” criterion, 
rather than a measure of cost changes in doing research. The constant 
dollar figures reported here thus should be interpreted as real 
resources foregone in engaging in R&D rather than in other activities 
such as consumption or physical investment. Broad-based deflators— 
such as the GDP deflator —are, however, quite useful in approximating 
changes in aggregate R&D costs Jankowski, 1993). They are undoubt- 
edly much less appropriate for calculating real R&D expenditures at a 
more disaggregated level. Further, comparisons in this chapter of U.S. 
and international R&D expenditure data are based on reported R&D 
investments converted to U.S. dollars with purchasing power parity 
(PPP) exchange rates. (See appendix table 4-2.) Although PPPs are not 
equivalent to R&D exchange rates per se, they better reflect differ- 
ences in countries’ laboratory costs than do market exchange rates. 
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See appendix table 4-4. 


National Research and Development Trends 
by Source of Support and Performing Sector 


There are two major sources of financial support of 
R&D activity—industry and the Federal Government. 
Together, these two sectors supply approximately 95 
percent of all money spent on R&D performed in the 
United States. The remaining 5 percent is provided pri- 
marily by universities and colleges and nonprofit organi- 
zations.” (See figure 4-2 and appendix table 4-4.) 

In addition to financing R&D, industry and the Federal 
Government are major R&D performers. A third sector, 
academia, also plays a major role in the performance of 


“R&D performed by state and local governments is not included in 
the national R&D totals. In 1987, R&D performance by these entities 
was estimated to be less than $1 billion. 


Figure 4-2. 
National R&D expenditures: 1995 
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research. Industry, the Federal Government, and aca- 
demia are responsible for 70 percent, 10 percent, and 13 
percent, respectively, of national R&D investment. Two 
other groups—nonprofit organizations and university- 
administered FFRDCs*—each account for 3 percent of 
total R&D spending. 


Sources of R&D Support 

The industrial sector is both the largest source of R&D 
funds and the leading R&D-performing sector in the United 
States. In 1995, companies provided an estimated $101.7 bil- 


‘FFRDCs are organizations exclusively or substantially financed by 
the Federal Government to meet particular requirements or provide 
major facilities for research and associated training purposes. Each 
center is administered by an industrial firm, an individual university, a 
university consortia, or a nonprofit organization. (See Federally 
Funded Research and Development Centers in this chapter.) 


By character of work 
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Text table 4-1. 
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U.S. R&D expenditures, by performing sector and source of funds: 1995 


Federal and nonprofit distribution, 
Performing sector Total industry Government colleges’ institutions performers 
Millions of dollars 
EE a 171,000 101,650 60,700 5,500 3,150 100.0 
eink 0g 906 08 119,600 99,300 20,300 ~ - 69.9 
industry-administered FFRDCs*....... 1,800 - 1,800 - ~ 1.1 
Federal Government .............. 16,700 - 16,700 - - 98 
Universities and colleges ....... 21,600 1,500 13,000 5,500 1,600 12.6 
University-administered FFRDCs*... . . . 5,300 - 5,300 - - 3.1 
Other nonprofit institutions .......... 5,100 850 2,700 - 1,550 3.0 
Nonprofit-administered FFRDCs* .... . . 900 - 900 - - 05 
Percent distribution, sources........... 100.0 59.4 35.5 3.2 18 


FFRDC = federally funded research and development center, — = unknown, but assumed to be negligible 


NOTE: Data are estimated. 


‘includes an estimated $1.6 billion in State and local government funds provided to university and college performers. 
*FFRDCs Conduct R&D almost exclusively for use by the Federal Government. Expenditures for FFRDCs therefore are included in Federal R&D support, 


although some nonfederal R&D support may be included 
See appendix tables 4-3 and 4-4. 


lion to support R&D performed in the United States, or 59 
percent of the national total. Of this amount, $99.3 billion 
financed work performed in-house; the remaining $2.4 bil- 
lion was used to support R&D activities undertaken at aca- 
demic institutions and nonprofit organizations. (See 
appendix tables 4-3 and 44 and text table 4-1.) 

Industry has not always been the largest source of 
R&D dollars in the United States. It took over that role 
from the Federal Government in 1980. (See figure 4-1 
and appendix table 4-4.) In 1970, Federal agencies sup- 
plied 57 percent of all dollars spent on R&D in the United 
States. During the ensuing decade, however, industry 
R&D support grew at a faster pace than that of the 
Federal Government, so that in 1980 industry became 
the leading source of R&D dollars. In the early and mid- 
1980s, the industry share of the R&D total was fairly sta- 
ble, hovering slightly above the 50-percent mark. In 
1987, that proportion began to rise again, 1 or 2 percent- 
age points per year. The most recent data show industri- 
al firms providing $3 out of every $5 spent on R&D in the 
United States. (See figure 4-3 and appendix table 4-4.) 

In recent years, industry R&D financing almost—but 
not quite—kept pace with inflation. Between 1975 and 
1985, industrial R&D funding more than tripled, increas- 
ing at an average constant-dollar rate of 6.7 percent per 
year. In the late 1980s, the annual rate of increase 
slowed to 5.9 percent, the average registered between 
1987 and 1991. According to recent estimates, there has 
been no real growth since 1993. (See figure 4-1 and 
appendix table 4-4.) 

The Federal Government, the other major source of 
R&D support in the United States, provided an estimated 
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Figure 4-3. 
National R&D expenditures, by source of funds 


Percent of total R&D spending 
100 
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See appendix table 4-4 
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$61 billion in R&D funds in 1995, or 36 percent of the 
national total. Most Federal R&D dollars are not used in 
Government-owned laboratories, but instead are used to 
finance R&D performed in other sectors. (See figure 44 
and appendix table 4-3.) For example, 


@ Industry received an estimated $20.3 billion in Federal 
R&D support in 1995, mainly to finance defense-related 
R&D performed under contract to the Department of 
Defense (DOD) and the Department of Energy (DOE). 


@ Academic insti’ © a _quired an estimated $13.0 bil 
lion in Federa’ sduport in 1995; almost all of these 
funds suppos..u asic and applied research 
in the biological, physical, and social sciences and engi- 
neering. In addition to the acquisition of new knowl 
edge and breakthrough discoveries, research 
conducted on university and college campuses provides 
another widely acknowledged benefit: it plays a key role 
in training the next generation of scientists and engi- 
neers. (See chapter 2, Higher Education in Science and 
Engineering, and chapter 5, Academic Research and 
Development: Infrastructure and Performance.) 


@ FFRDCs and other nonprofit organizations received 
an estimated $8.0 billion and $2.7 billion, respective- 
ly, in Federal R&D funds in 1995. 


Like industry R&D support, there has been a lack of 
growth in Federal R&D funding in recent years. The 
trend started in the late 1980s, earlier than the industry 
slowdown, and the cutbacks were larger. Between 1987 
and 1995, Federal R&D support fell at an average annual 
constant-dollar rate of 2.6 percent. In addition, while 
industry's share of the national total has been climbing, 
the Federal share has been eroding—from 46 percent of 
the total in 1987 to an estimated 36 percent in 1995. (See 
figures 4-1 and 4-3 and appendix table 4-4.) 
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National Research and Development 
Trends by Performing Sector 
Industry 

Industry has always been the largest R&D performing 
sector, by far. Because companies perform a substantial 
ar.sount of R&D for the Federal Government, the indus- 
trial sector is responsible for $7 out of every $10 spent 
annually on R&D conducted in the United States. In 
1995, R&D performed in U.S. industrial laboratories is 
estimated to have cost $119.6 billion. 

After 16 years of continuous growth during the late 
1970s and throughout the 1980s, industrial R&D perfor- 
mance underwent a turnaround in the early 1990s. 
Industrial R&D performance fell at an estimated average 
annual rate of 1.5 percent per year in constant dollars 
between 1991 and 1995. The cutbacks can be considered 
a continuation of a slowdown that began in the late 
1980s. Between 1985 and 1991, there was a marked 
reduction in the rate of expansion of industrial R&D pro- 
grams. During that period, the annual real rate of 
increase averaged only 1.8 percent, compared with the 
6.1-percent rate registered during the late 1970s and 
early 1980s. (See figure 4-5 and appendix table 4-4.) 

The slowdown in industrial R&D performance is large- 
ly attributable to Federal R&D cutbacks. Government- 
funded R&D performed by companies dropped from 
$30.8 billion in 1987 to an estimated $22.1 billion in 1995. 
(See figure 4-6 and appendix tables 4-8, 4-9, and 4-10.) As 
a result, the Federal share of total industrial R&D expen- 
ditures declined from nearly one-third of the total in 1987 
to 17 percent in 1995. 

Data for the years after 1985 indicate industrial R&D 
performance continuing to increase, but only in the ser- 
vice sector.’ During the last part of the 1980s, R&D con- 
ducted in the manufacturing sector slowed to a standstill, 
the beginning of a trend that has continued into the 1990s. 

Several reasons have been cited for the lack of growth 
in some companies’ R&D programs in the mid-1990s. 
These include corporate downsizing, decentralization 
(i.e., a shifting of R&D activity from corporate laborato- 
ries to individual business units), and increasing collabo- 
ration among industrial firms and with partners in 
academia, government, the nonprofit sector, and in other 
countries (Institute for the Future, 1995; Bean, 1995; 
Wolff, 1995). (See Collaboration Among Firms and with 
Other Organizations in this chapter.) 


Academia 

Academia is a distant second to industry in terms of 
R&D performance, with total expenditures amounting to 
an estimated $21.6 billion in 1995, or 13 percent of the 
national! total. Until 1990, the academic sector ranked 


‘Because of ongoing improvements in NSF's annual Survey of 
Industrial Research and Development aimed at better coverage of the 
nonmanufacturing sector, it is not possible to determine how much of 
the increase in R&D spending in the service sector is real and how much 
is attributable to better coverage of the sector (Pollak, 1991; SRS, 1994). 
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third in total R&D performance in the United States, after 
industry and the Federal Government. Since 1985, how- 
ever, the rate of increase in R&D performed at universi- 
ties and colleges has been higher than that of the 
Federal Government. As a result, these institutions 
moved into second place in 1990, behind industry. (See 
figure 4-5 and appendix table 4-4.) 

Academia is the only R&D-performing sector not to 
have suffered a constant-dollar decline in R&D perfor- 
mance during the 1990s. However, the annual real rate 
of growth has been falling fairly steadily since 1986, 
dropping from a nearly 10-percent increase in 1985-86 to 
a less than 1-percent change estimated for 1994-95. 
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Most of the research performed on university and col- 
lege campuses is funded by the Federal Government. In 
1995, Federal agencies provided an estimated $13.0 bil- 
lion, or 60 percent of the total funding for university 
research. Academic institutions supplied an estimated 
$3.9 billion of their own funds, nonfederal sources (i.e., 
state and local governments) and nonprofit organizations 
each contributed $1.6 billion, and industry provided $1.5 
billion. R&D support from each of these sectors rose dur- 
ing the 1990s, with Federal agencies registering the 
largest absolute and percentage increase—35 percent in 
current dollars or 3.2 percent per year in real terms. 
Federal R&D support to academia has been increasing 
continuously since 1982, even after adjustment for infla- 
tion. (See figure 4-4 and appendix table 4-3.) 

The expansion in Federal support of research per- 
formed at colleges and universities is the only excention 
to what has otherwise been a shrinking pool of (inflation- 
adjusted) Federal R&D financial resources. As men- 
tioned earlier, the largest part of the Federal R&D 
budget—that part devoted to defense and national secu- 
rity—has been on a strict diet since the late 1980s. 
(Defense downsizing has had the greatest impact on the 
military's industrial contractors and on the nonprofit 
organizations that conduct R&D for DOD and DOE.) 


Federal Agencies 

Federal entities spent an estimated $16.7 billion on 
intramural R&D in 1995, 10 percent of national R&D per- 
formance. Most Federal R&D monies are not spent in fed- 
erally run facilities, but in other sectors. Federal 
intramural R&D has shown very little change in real terms 
since 1985. There have been some noticeable year-to-year 
gains and losses, but these changes were usually counter- 
balanced in subsequent years. For example, an 8.6-per- 
cent real decline in Federal R&D performance between 
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1990 and 1991 was partially offset by gains during the fol- 
lowing 2 years. Federal R&D performance is estimated to 
have dropped 5.5 percent in constant dollars between 
1994 and 1995. (See appendix table 4-3 and figure 4-5.) 


Research and Development Support and 
Performance by Character of Work 


The traditional way to analyze trends in R&D perfor- 
mance is to examine the amount of funds devoted to 
basic research, applied research, and development. (See 
Definitions.) These terms are convenient because they 
correspond to popular models that presume that innova- 
tion occurs in a straight-line progression through three 
stages: scientific breakthroughs from the performance of 
basic research lead to applied research, which, in turn, 
leads to development or the application of applied re- 
search to commercial products and processes. Although 
the simplicity of this approach makes it appealing to poli- 
cymakers, the traditional categories of basic research, 
applied research, and development are somewhat murky 
and, thus, are not always ideal in describing the com- 
plexity of the relationship between science, technology, 
and innovation in the real world. 

Over the years, alternative models have been devel- 
oped in an attempt to capture the true complexity of the 
innovation process. One that has recently received a 
favorable amount of attention is a model developed by 
Donald Stokes of Princeton. (See Alternative Models of 
R&D and Innovation.) Although this and other models 
may provide a more realistic depiction of the innovation 
process than does the linear model, they are probably 
too complicated to be used in collecting comparable and 
reliable data for policymaking purposes. Therefore, the 
practice of categorizing R&D expenditures into basic 
research, applied research, and development for analyti- 
cal and policymaking purposes is unlikely to be aban- 
doned anytime soon. 

Most R&D dollars—an estimated $101.7 billion in 
1995, or 59 percent of the total—are spent on develop- 
ment. Applied research accounted for an estimated 23 
percent, and basic research, 17 percent. (See figure 4-2.) 
These proportions tend to be fairly stable over time, 
although there are usually slight movements from year 
to year. For example, the proportion of total R&D funds 
devoted to development has been falling for the past 
decade, declining from 65 percent in 1985, while funds 
used for basic research increased from 12 percent to 17 
percent.° These trends are not unexpected given that (1) 
most military-related R&D is development, and defense 
appropriations declined during the period, and (2) about 
half the Nation’s basic research is conducted on university 
and college campuses. As mentioned previously, R&D con- 
ducted in the academic sector has been relatively healthy 
compared with R&D performed in the other sectors. 


‘Some of this increase may simply be a result of changes in the 
industry R&D survey. See Science Resources Studies Division (1995b). 
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Basic Research 

In 1995, an estimated $29.6 billion was spent on basic 
research performed in the United States. Most of that 
amount—$17.1 billion or 58 percent of the total—was 
supplied by the Federal Government. Industrial firms 
provided $7.5 billion or 25 percent of the total; universi- 
ties and colleges, $3.4 billion; and nonprofit organiza- 
tions, $1.6 billion. (See figure 4-7 and appendix table 4-5.) 

Although the Federal Government is the leading sup- 
plier of funds, the academic sector is the largest per- 
former of basic research, with expenditures totaling an 
estimated $14.5 billion in 1995. Of that amount, an esti- 
mated $9.2 billion were Federal funds. Far smaller 
amounts were supplied by the universities themselves, 
state and local governments, industry, and nonprofit 
organizations. Federal funding of basic research per- 
formed in the academic sector increased during the 
1990s, but the average annual real rate of increase— 
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The relationship between science and technology is 
usually described by referring to a model that depicts 
innovation as a three-step, linear process. The three 
steps are basic research, applied research, and devel- 
opment. Vannevar Bush (1945), in his landmark trea- 
tise, Sctence—The Endless Frontier, used this linear 
model as the framework for explaining and, subse- 
quently, justifying an expanded role for the Federal 
Government in supporting scientific research. The 
simplicity of this model makes it particularly appealing 
to—and popular among—policymakers. 

Experts who have studied the innovation process, 
however, usually favor alternative, more complex 
explanations of the relationship between science and 
the commercialization of new technology, including 
the chain link model, (Kline and Rosenberg, 1986; 
OECD, 1992) which is an interactive model with feed- 
back loops. As evidence of the inadequacies of the lin- 
ear model, these experts cite real world examples that 
demonstrate that technological breakthroughs are just 
as likely to precede, as to stem from, basic research. 

In a forthcoming book, Pasteur’s Quadrant (in 
press), Donald Stokes describes a new model that 
holds great promise for further discussions of this 
issue. The starting point for his approach is the work 
of the great scientist Louis Pasteur. Stokes writes that: 


The rise of microbiology in the late 19th cen- 
tury is a conspicuous example of how large a role 
considerations of use can play in the advance of 
basic science. Pasteur sought a fundamental 
understanding of the process of disease—and of 
the other microbiological processes he discov- 
ered. But he wanted this to deal with...anthrax in 
sheep and cattle, cholera in chickens, spoilage in 
milk and wine and vinegar, and rabies in animals 
and human beings. 


Alternative Models of R&D and Innovation 


Pasteur’s work was both basic and applied at the 
same time. The experiments he conducted yielded 
both breakthroughs in scientific understanding and 
practical applications. Therefore, his work was at odds 
with the linear model. 

Stokes cites numerous other major scientific 
achievements, including the work of Faraday and 
Kelvin, as being motivated by both fundamental under- 
standing and potential use. 

Stokes suggests replacing the linear model with one 
that captures the inherent overlap between basic and 
applied research. Stokes’ model describes several dif- 
ferent categories of research: pure basic research (the 
work is inspired by the quest for basic understanding 
but not by potential use); purely applied research (the 
work is motivated only by potential use); and strategic 
research (research that is inspired by both potential 
use and fundamental understanding). 

Stokes’ work is facilitating understanding of basic 
research as having potential value in terms of practical 
application beyond that gained from pure science. He 
writes, “We will be more likely to meet essential soci- 
etal needs, including competitiveness in the global 
economy, if we creatively link the dual trajectories of 
basic science and technological innovation.” Addi- 
tionally, Organisation for Economic Co-operation and 
Development standard definitions now differentiate 
between two types of basic research: “pure basic re- 
search,” and “oriented basic research.” These new 
approaches help to convey the concept that basic 
research can be extremely useful, regardless of 
whether or not the potential use is known at the time 
the research is being conducted. 
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3.2 percent—was about half the rate registered between 
1985 and 1991. 

An estimated 6 percent of the funds spent on basic 
research in academic institutions in 1995 came from 
industrial sources. Industry's support of research con- 
ducted on university and college campuses has always 
been a small, but growing, component of the academic 
research portfolio.” Industry officials have tapped this 
resource not only because their companies benefit from 
the results of the research they sponsor, but also 
because they recognize that such research opportunities 
are a crucial component in training future scientists and 
engineers, many of whom will one day be working in 


"See chapter 5, Academic Research and Development: Infrastructure 
and Performance, for a discussion of the increasing number of scientif 
ic journal articles with industry—university co-authorship 


their laboratories. In addition, companies are depending 
on universities and the Federal Government to maintain 
basic research activities because their own programs are 
being curtailed. 

Industrial firms spent an estimated $6.2 billion of their 
own and nearly $1 billion in Federal funds on basic 
research undertaken in their laboratories in 1995. Basic 
research constitutes an estimated 6 percent of total 
industrial R&D performance. Between 1991 and 1995, the 
amount of funds spent by industry to perform basic 
research declined at an average annual, constant-dollar 
rate of 4.6 percent. 

In the past few years, several companies’ central 
research facilities have been dismantled, part of an ongo- 
ing shift in emphasis away from fundamental research 
and toward applied research and development that has 
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Figure 4-7. 
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National R&D expenditures, by source of funds, performing sector, and character of work: 1996 


Pensa Source of funds 


100 


Federal Government Si#tons of constant 1987 dollars 

industry - ~~ sean eee 
Universities & colleges sal | 
Other nonprofit * | 


7 


Development gg Applied research 


Character of work 


Basic research 


Percent 
100 


Performing sector 


Federal Government 


Character of work | 3 


NOTE: Funds for federally funded research and development center performers are included in their affiliated sectors. 


See appendix tables 4-5, 4-6, and 4-7. 


occurred largely in reaction to growing international 
competition in the high-tech arena. (See chapter 6, 
Technology Development and Diffusion.) In addition, 
applied research and development are increasingly 
being conducted within individual business units in a 
concerted effort to speed commercialization of new tech- 
nology (Bean, 1994). 

An estimated $2.7 billion was used to finance basic 
research performed in federally-run laboratories in 1995. 
Funding of Federal intramural basic research (about 16 
percent of total Federal intramural R&D) has remained 
fairly constant in real terms since 1983. 


Applied Research 

Nearly $40 billion, or about 23 percent of total R&D, 
was spent on applied research performed in the United 
States in 1995. (See figure 4-7 and appendix table 4-6.) 

Industry is both the leading source of applied research 
support and the leading performer. In 1995, companies 
were the source of an estimated $22.6 billion spent on 
applied research. The proportion of all applied research 
funds originating in industry has been increasing steadily 
for the past 25 years—from 42 percent of the total in 1970 
to 57 percent in 1995. At the same time, the Federal 
Government’s share of the total has been falling—from 54 
percent in 1970 to an estimated 36 percent in 1995. Both 
industry and the Government have curtailed their support 
of applied research projects in the 1990s. In real terms, 
the average annual rates of decrease were 1.8 percent and 
2.0 percent, respectively, between 1991 and 1995. 
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Of the major R&D-performing sectors, industry is the 
only one to report a constant-dollar decline in applied 
research performance—averaging 3.1 percent in real 
terms between 1991 and 1995. Funding of applied 
research performed at Federal facilities and at academic 
institutions grew at annual rates averaging 2.1 percent 
and 2.3, respectively, during the same period. 

Internally financed applied research was relatively flat 
during this period, so the industrial decline is entirely 
attributable to a reduction in Federal support, although 
the latter accounts for less than 20 percent of the money 
spent by companies on applied research. The recent 
decline in Federal support of industry-performed applied 
research presents a marked contrast to the 1980s. 
Between 1979 and 1990, funds from Federal agencies 
quadrupled, reaching an all-time high of $6.4 billion in 
1990. Five years later, Federal funding of applied 
research conducted in industrial laboratories was down 
to an estimated $4.9 billion. 

Despite the recent cutbacks, industrial firms have 
been the most prominent players in applied research 
performance during the past 25 years. In the late 1980s, 
more than 70 percent of the Natioui’s applied research 
was performed in industrial laboratories. That share has 
receded somewhat—to 67 percent—in recent years. 

Along with industry, academic institutions have 
assumed a larger role in the performance of applied 
research. Their share of the total amount spent on 
applied research has been rising gradually for the past 
25 years; they are now the second largest performer of 
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applied research, accounting for an estimated 14 percent 
of the total spent in 1995. 

Contrary to the overall trend, there was an upsurge in 
applied research performed on university and college 
campuses in the 1990s. Led by an increase in Federal 
support (which accounts for about half the total), spend- 
ing rose 25 percent—from $4.3 billion in 1990 to $5.5 bil- 
lion in 1995. 

In contrast, the role of Federal intramural applied 
research has dwindled considerably in the past 25 years. 
In 1995, Federal agencies spent an estimated $4.9 billion 
to perform applied research in their own installations; 
this amount accounted for only 12 percent of the national 
total, down from 23 percent in 1970. 


Development 

Six out of every 10 dollars spent on R&D in the United 
States are spent on development. (See figure 4-7 and 
appendix table 4-5.) An estimated $101.7 billion was used 
to finance the development of new and improved prod- 
ucts, processes, and services in 1995; this amount was 
about 2 percent below the 1994 level, after adjustment 
for inflation. Development funding has been falling in 
real terms almost continuously since 1990, but the 
decreases have been small, averaging 1.2 percent 
between 1990 and 1995. This decline is largely 
attributable to the post-Cold-War curtailment in defense 
spending. Federal support of development projects has 
been falling in real terms since 1987. 

Like applied research, industry is both the leading 
provider of development funds and the major performer. 
Industry became the largest source of development 
funds in 1974, overtaking the Federal Government in 
that year. In 1995, industrial firms were the source of an 
estimated $71.6 billion, or about 70 percent, of the total 
spent on development in the United States. All but $280 
million of those funds were spent in companies’ own lab- 
oratories. The Federal share of development R&D funds 
is now estimated to be less than 30 percent of the total, 
down from more than 40 percent during the late 1970s 
and 1980s. (See appendix table 4-7.) 

Almost all development dollars are spent by industrial 
firms. Advancing and applying new technologies are 
activities undertaken almost exclusively in the private, 
profit-making sector. The most recent data show that the 
other R&D-performing sectors, including the Federal 
Government, universities and colleges, and nonprofit 
organizations, are responsible for spending only 14 per- 
cent of the national total. Of the estimated $87.6 billion 
expended by industry on development in 1995, an esti- 
mated $16.3 billion, or 19 percent of the total, came from 
Federal contracts. 

Federal support of development projects conducted in 
industrial laboratories increased dramatically between 
1980 and 1988, doubling from $11.8 billion to an all-time 
high of $25.1 billion during that period. Much of that 
increase is attributable to the massive defense buildup 
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during the Reagan era, when a wide array of new, highly 
sophisticated defense systems and weapons, including 
the Strategic Defense Initiative, went on the drawing 
board. Since 1988, there has been a major curtailment in 
Federal funding; a 35-percent drop was registered 
between 1988 and 1995. 

In contrast to the decline in Federal support of indus- 
try-performed development activities, funding from other 
sources (essentially industry’s own funds) rose during 
the 1990s, from $59.4 billion in 1990 to $71.3 billion in 
1995, an average annual real increase of about 1 percent 
per year. 

The Federal Government is a distant second to indus- 
try in terms of development performance. Federal agen- 
cies spent an estimated $9.1 billion in 1995, about a 
billion dollars below the 1990 level. In real terms, Federal 
intramural performance of development fell at an average 
annual rate of 4.7 percent between 1990 and 1995. 


Research and Development 
Patterns by Sector 


In this section, industry’s and the Federal Govern- 
ment’s investment in R&D are examined in greater 
detail. (See chapter 5, Academic Research and Develop- 
ment: Infrastructure and Performance, for additional 
information pertaining to R&D performance in the aca- 
demic sector.) 


industrial Research and Development 


Industry is, by far, the largest R&D-performing sector. 
In 1995, companies spent an estimated $99.3 billion of 
their own (and other nonfederal) and $20.3 billion in 
Federal funds on R&D performed in U.S. laboratories. 
(See appendix table 4-3.) Of the latter, $1.8 billion was 
spent on R&D performed at FFRDCs. A closer look at the 
most recent industrial R&D data reveals that, during the 
late 1980s and early 1990s, cutbacks occurred in two 
areas: (1) inflation-adjusted dollars invested in R&D by 
companies classified in manufacturing industries and 
(2) Federal funding of industry-performed R&D. 

These trends were partially offset by increased R&D 
investment by companies classified in the service sector, 
but overall R&D spending declined, in real terms, during 
the 1990s. (See appendix table 4-8.) The following sec- 
tions contain more detailed information about these and 
other trends in industrial R&D spending. 

Information from selected large industrial R&D per- 
formers indicate that industry expects some improve- 
ment in 1996 (IRI, 1996). For additional information 
about the current climate for industrial R&D, see 
“Biggest” Problems Facing Technology Leaders and 
Industrial Research and Development Planning 
Environment. 
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“Biggest” Problems 
Facing Technology Leaders 


The Industrial Research Institute (1995a), a trade 
association with a membership that includes R&D 
directors from most of the largest U.S. R&D-perform- 
ing companies, conducts an annual poll in which 
members are asked to identify the “biggest” prob- 
lems they face. According to responses to the most 
recent poll, conducted in the spring of 1995, the 
most serious problems facing technology leaders are 

1. Measuring and improving R&D productivity/ 

effectiveness, 
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Research and Development in Manufacturing 
Versus Nonmanufacturing Industries 

Probably the most striking trend in industrial R&D per- 
formance in recent years is the growing prominence of 
the service sector. Until fairly recently (the late 1980s), 
little attention was paid to R&D conducted by nonmanu- 
facturing companies, largely because service sector R&D 
activity was minuscule compared with the R&D opera- 
tions of companies classified in manufacturing industries. 

Prior to 1983, nonmanufacturing industries accounted 
for less than 5 percent of the industry total. A decade 
later, the R&D landscape looked very diffe:ent. Between 
1983 and 1993, there was a steady increas: in the propor- 
tion of total industrial R&D performed by companies clas- 
sified in service industries. (See figure 6-10 in Chapter 6, 
Technology Development and Diffusion.) In 1993, non- 
manufacturing firms were responsible for more than 
one-quarter of all industrial R&D performed in the United 
States. That year, their expenditures amounted to $25.5 
billion in company and other nonfederal funds and $5.7 
billion in Federal funds. (See appendix table 4-11.) 

Three industry groupings account for the bulk of R&D 
performed in the service sector: 


@ Computer programming, data processing, other com- 
puter-related engineering, architectural, and surveying 
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services accounted for $7.7 billion in nonfederal R&D 
expenditures in 1993; 


@ Communication services accounted for $4.2 billion; and 


@ Research, development, and testing services account- 
ed for $1.4 billion. 


Between 1987 and 1993, the share of all nonfederal 
R&D money received by each of these industries more 
than doubled. (See text table 4-2.) 

A sizable portion of the R&D dollars in two of these 
industries—computer software and communication ser- 
vices—was spent by companies formerly classified in 
manufacturing industries. Given the growing importance 
of computer software (relative to hardware) and other 
information technologies, this shift from manufacturing 
to nonmanufacturing is not unexpected. 

In addition, because the United States invests a relatively 
large share of its resources in health care, about 13.9 percent 
of GDP in 1993 (Department of Health and Human Services, 
1993), the increasing importance of R&D laboratories in the 
Nation’s industrial R&D portfolio is also predictable. It can be 
attributed, in large part, to major advancements in research 
on the human body, the establishment and growth of a vari- 
ety of medical research facilities, and the maturing and suc- 
cess of the biotechnology industry. 

Concurrent with the growing visibility of R&D in the 
service sector, R&D performed by manufacturing indus- 
tries lost some of its pre-eminence. Still, the manufactur- 
ing sector continues to dominate the R&D spectrum. 

In 1993, the six largest manufacturing industries, in 
terms of companies’ own (and other nonfederal) R&D 
expenditures in the United States were 


Text table 4-2. 
Share of total company and other nonfecral fri‘s, 
by selected R&D-performing industries 
107 «1003S 
. = 
All manutecturing industries 16 733 
Chemicals and allied products 15.3 175 
Petroleum refining and extraction 3.0 22 
Machinery... ..........0005- 172 66 
Electrical equipment........... 700 =— 118 
Transportation equipment... ... 219 178 
instruments... 2... eee eee 6.1 
All nonmanutacturing industries 84 6267 
Communication services........ 18 44 
Computer programming and 
other related services......... 3.6 8.1 
Research, development, and 
testing services ............. 0.1 15 
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Every 5 years, the Industrial Research Institute pre- 
pares a strategic plan (Industrial Research Institute, 
1995b). According to the most recent document, the 
1996-2000 planning environment will be shaped by the 
following S&T trends: 

1. Technology development will continue to occur 
increasingly outside of the United States. 
Cooperative means to monitor, develop, or 
acquire technology worldwide will become 
increasingly important. 

2. Successful corporations will view intellectual 
property and technology as a strategic resource 
to be created, acquired, shared, protected, or 
otherwise traded to gain worldwide market 
advantage. 

3. R&D organizations will be required to manage 
their activities against quantifiable business 
goals and objectives in the same manner as 
other operating functions of the company. 

4. Pressures for short-term results from U.S. indus- 
trial research laboratories will continue; financial 
and analytical tools will be used increasingly to 
assess and communicate the potential rewards 
and risks of longer range programs; reduced 
support for directed basic research can be 


expected to continue. 


industrial Research and Development Pianning Environment 


5. R&D managers will face growing challenges to 
retain the best employees for long-term careers 
in technical roles and to manage a diversified, 
multicultural workforce. Fatter organizational 
structures will limit opportunities, and leaner 
organizations will require fewer employees to 
accomplish more. 

6. Shifts between centralized, decentralized, and 
hybrid organizations will continue, and the 
expansion of knowledge will accelerate. 

7. The image of S&T will require regular attention 
to overcome negative public perceptions. 

8. Changing world political and economic order 
will result in shifts in Federal R&D spending pat- 
terns and in the nature of the Federal laboratory 
establishment. Private-sector funding of academ- 
ic research will continue to grow, while 
Government funding will be uncertain. 

9. Issues of quality, environment, health, and safety 
will be the impetus for a new level of creativity in 
R&D to permit industrial expansion to occur 
within the context of a more highly regulated 
climate. 

10. R&D can no longer be looked at in isolation from 
the larger activity of technology commercializa- 
tion or innovation. 


¢ Transportation equipment, $17.1 billion; 


@ Chemicals and allied products (which includes the 
drugs and medicines industry), $16.7 billion; 


@ Electrical equipment, $11.3 billion; 


@ Machinery (which includes companies classified as 
computer hardware manufacturers), $8.2 billion; 


@ Professional and scientific instruments, $7.5 billion; 
and 


@ Petroleum refining and extraction, $2.1 billion. 


These six industries accounted for 90 percent of all non- 
federal R&D funds spent by companies classified as manu- 
facturing industries in 1993, the same percentage they 
held in 1987. (See appendix table 4-9.) What has changed 
is their share of all industrial R&D dollars. That proportion 
fell from 83 percent in 1987 to 66 percent in 1993. 

The share of total nonfederal R&D funds held by five 
of the six industries fell during the late 1980s and early 
1990s. Only the chemicals and allied products industry 
had an increase in its share of the total—from 15 percent 
in 1987 to 17 percent in 1993. The machinery industry's 
decline was particularly acute—from 17 percent of the 
total to 9 percent. (In 1987, almost all computer manufac- 
turers were included in this group; some of these compa- 
nies were reclassified into service industries in 
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subsequent years.) Between 1987 and 1993, the chemi- 
cals and machinery industries switched places—the 
chemicals industry became the second largest R&D per- 
forming industry (it had been fourth), and the machin- 
ery industry dropped from second to fourth. Although 
the rankings of the other major R&D-performing manu- 
facturing industries stayed the same, the share of the 
national R&D total held by firms classified in the electri- 
cal equipment industry declined from 17 percent to 12 
percent, and the transportation equipment industry 
share dropped from 22 percent to 18 percent. 


Research and Development Expenditures 
by Size of Company 

In 1993, 125 companies with more than 25,000 employ- 
ees spent more than $1 million each on R&D in the 
United States (SRS, 1995b). Prior to 1990, this group of 
companies accounted for more than half the nonfederal 
R&D total. That share has fallen below 50 percent 
because the R&D expenditures of firms with fewer than 
500 employees have been increasing faster than those of 
companies in the other size-groups.’ Small firms’ share 
of the total increased from 10 percent in 1990 to 15 per- 
cent in 1993. (See appendix table 4-9.) 


‘The apparent increase in small companies’ R&D performance may 
also be attributable to expanded coverage of this group in NSF's annual 
survey of industrial research and development. 
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U.S. industria] R&D expenditures are heavily concen- 
trated in a relatively small number of firms. In 1993, the 
4 largest R&D performing companies (in terms of non- 
federal funds) accounted for 17 percent of the total 
amount spent; the 20 largest, 33 percent; and the 200 
largest, 71 percent. (See appendix table 4-12.) 

Over a 10-year period, 1984-94, some major member- 
ship changes occurred in the annual list of 100 leading 
R&D-performing companies according to Standard & 
Poor's Compustat Services, Inc.* (See appendix table 4- 
14.) The four largest R&D-performing companies, howev- 
er, were the same in both years (although their order 
changed). That may be one of the few constants revealed 
by comparing the lists from 1984 and 1994. There were 
some major changes in rankings among the remaining 
96 entries. For instance, 


@ Six companies moved into spots 5 through 10, and 
the former occupants of those places moved down. 
Among the six new entrants, Motorola made the 
largest leap; it moved from 21st to 6th place. Of the 
companies that fell out of the top 10, ITT made the 
largest plunge—from 8th in 1984 to 42nd in 1994. 
Three of the 4 other companies that fell out of the top 
10 are major defense contractors. 


@ More pharmaceutical companies are among the 
largest R&D performers. At least 6 drug companies 
were among the top 25 in 1994; 10 years earlier, only 
1 of those firms was in the top 25. 


@ Almost all petroleum and chemical companies fell 
sharply in rank. For example, the largest oil company 
dropped from 10th to 34th place. 


@ The “Big Three” automakers are all now in the top 10. 


@ Many more computer hardware and software compa- 
nies—some of which did not exist or barely existed in 
1984—are now among the leading R&D-performing 
companies. For example, Microsoft and Apple, ranked 
29th and 33rd, respectively, in 1994, were not on the 
list in 1984, and Intel jumped from 54th to 15th place. 


Research and Development intensity 

In addition to absolute levels of and changes in R&D 
expenditures, another key indication of the health of 
industrial S&T is R&D intensity. There are a number of 
ways to measure this indicator, but the one used most 
frequently is the ratio of R&D funds to net sales. This 
statistic provides a way to gauge the relative importance 
of R&D across industries and firms in the same industry. 

The ratio of R&D dollars to net sales tends to be fairly 
stable over time, although year-to-year changes of 0.1 to 
0.2 percent are not uncommon. Also, there are substan- 


*The ranking is based on the size of R&D expenses. Included are the 
amount of funds spent on R&D performed outside the company and the 
amount spent on R&D performed in other countries. Note that the 
Compustat data base does not contain privately held companies. 
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tial differences between industries. (See appendix tables 
4-13 and 4-14.) 

In 1993, nonfederal R&D spending, as a percent of net 
sales for all R&D-performing companies classified in man- 
ufacturing industries, was 3.1 percent. (See appendix 
table 4-13.) Although this was a 0.2-percent dip from the 
preceding year’s ratio, the change may be a minor fluctu- 
ation and not the beginning of a downward trend. The 
1993 ratio is very much in line with that recorded for 
other recent years; for instance, this ratio has been 3.0 
percent or higher since 1985. (See figure 4-8.) 

The general stability of the R&D/sales ratio in the 
1990s indicates that, despite a lack of growth in manufac- 
turing companies’ R&D financing, little change has 
occurred in the level of importance accorded R&D rela- 
tive to other discretionary spending. That is, roughly the 
same proportion of companies’ income has been devoted 
to R&D for almost 10 years.’ 

As mentioned previously, there are significant differ- 
ences in R&D intensity across industries. (See text table 
4-3.) At 12.1 percent, the pharmaceutical industry had the 
highest, and only double-digit, ratio in 1993. Ten years 
earlier, it ranked third behind the computer and scientific 
and mechanical measuring instruments industries. 


Federal Research and Development Funds 

In 1993, industrial firms spent $22.8 billion in Federal 
funds on R&D. As mentioned earlier in this chapter, 
Federal R&D support to industry has been declining 
steadily since 1987. The aircraft and missiles industry is 
the leading recipient of Federal R&D funds. In- 
terestingly, this industry used to account for more than 


‘It is important to note that there were significant increases in the 
overall R&D/net sales ratio between 1981 and 1982 (from 2.2 percent 
to 2.6 percent) and between 1984 and 1986 (from 2.7 percent to 3.2 per- 
cent). Prior to 1982, company R&D funds, as a percent of net sales, had 
been in the 2.0-percent range for 20 years. 


Figure 4-8. om 
Total nonfederal R&D funding as a percentage 
of net sales 


R&D as a percent of net sales 
5 
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SOURCE: Science Resources Studies Division, National Science 
Foundation, Research and Development in Industry: 1983 (Arlington, 
VA: NBF, forthcoming). 
See appendix table 4-13. 
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two-thirds of all Federal monies spent by companies; the 
most recent data show this industry accounting for less 
than one-half in 1993.'° (See appendix table 4-10.) 

There has been a major upsurge in company downsiz- 
ing, mergers, and restructuring in recent years, particu- 
larly among defense contractors. Company executives 
have had to make some tough choices; for example, they 
have had to decide whether to stick with the defense 
business as the mainstay of their operations or branch 
out into civilian product development. (See Defense 
Conversion: Will It Prove Successful?) 


Collaboration Among Firms 
and with Other Organizations 

Cooperative R&D is now an important tool in the devel- 
opment and leveraging of S&T resources. Although data 
on multifirm and multisector collaborative R&D activities 
are sparse, there is sufficient evidence to conclude that a 
major upswing in S&T partnerships has taken place since 
the early 1980s." 

There is also a growing body of literature that helps 
identify the reasons for the increase in collaborative R&D 
efforts, their organizational structure, and their econom- 


Data from the Aerospace Industries Association (AIA) show a 25 
percent decline in sales of military-related hardware between 1990 and 
1993 (AIA, 1994). 

"This section covers only domestic alliances. See International 
Strategic Technology Alliances in this chapter for information on inter- 
national collaborative R&D activities. 


159 


ic and political implications. For example, intra-industry 
collaboration seems to be a response to the same com- 
petitive forces affecting all industries: rising R&D costs 
and risk in pursuing basic research, shortened product 
life cycles, increasing multidisciplinary complexity of 
technologies, and intense foreign competition in domes- 
tic and global markets. In addition, high-profile, industry- 
led cooperative research endeavors are more likely than 
single-firm efforts to attract support from outside 
sources, such as Government agencies. This section cov- 
ers several indicators of cooperative R&D activity. 


Industrial Research and Development Consortia 

The erosion in U.S. firms’ technological leadership and 
the decline in their share of international markets in the 
1970s and 1980s have been blamed on many factors 
(NSB, 1992), including an overly restrictive antitrust 
environment, which has, in effect, prohibited U.S. compa- 
nies from collaborating on most activities, including 
research. Laws originally enacted to preserve domestic 
competition had become an impediment to U.S. firms’ 
ability to compete in worldwide markets populated by an 
increasing number of foreign producers and customers. 
Therefore, restrictions on multifirm cooperative 
research relationships were lifted with the passage of the 
National Cooperative Research Act (NCRA) of 1984. This 
law was designed to encourage U.S. firms to collaborate 
on generic, precompetitive research. To gain protection 
from antitrust litigation, firms engaging in a “joint 
research venture” (JRV)'* are required by NCRA to regis- 
ter the JRV with the Department of Justice. In 1993, 
Congress again relaxed restrictions—this time on coop- 
erative production activities—by passing the National 
Cooperative Research and Production Act, which 
enables companies to work together in a JRV to apply 
newly developed technologies. 

By the end of 1994, more than 450 JRVs had been reg- 
istered. The annual number of JRV filings has increased 
in most years since the law was passed. (See figure 4-9.) 
Although data on the level of resources invested in these 
projects are not available, results of two investigations 
(Link, 1995; Vonortas, 1995) revealed the following: 


@ The average number of members in a JRV since the 
passage of NCRA is 13.4. 


@ The vast majority—83 percent—of U.S. JRV members 
are profit-making firms; nonprofit groups, including 
universities and colleges, hold 12 percent of the mem- 
berships; and government agencies and organizations 
hold 5 percent. Registered JRVs with Federal participa- 
tion include some of the more well-known consortia, 
such as Semiconductor Manufacturing Technology 
(SEMATECH) and the Advanced Battery Consortium. 


'2A JRV is defined as the formation of a new organization jointly con- 
trolled by two or more parent institutions whose purpose is to engage 
in R&D activities. Members can be from different sectors as well as dif- 
ferent countries. 
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Defense Conversion: Will it Prove Successful?* 


Declining defense budgets have led to a shrinking 
U.S. defense industrial base and one that is more de- 


pendent on global sales and purchases. Because the 
U.S. economy is so large, defense downsizing is not 
having a devastating impact on the Nation as a whole, 
although certain regions of the country have been 
adversely affected. Unlike the defense downturns that 
occurred after World War II and the Korean and 
Vietnam conflicts, the current situation is not cyclical; 
that is, because the threat to national security is con- 
siderably less than it was during the Cold War, an 
upturn in defense spending is unlikely to occur any- 
time in the foreseeable future. 

Most large industrial firms that were once heavily 
dependent on business from the Pentagon have had to 
make some major adjustments. In general, these 
defense prime contractors have chosen one of three 
courses: downsizing, concentrating on the defense 
business, or conversion. 

Most firms have chosen to downsize. For example, 
companies like McDonnell-Douglas are much smaller 
than they used to be. The cutback in R&D performed 
by downsizing firms is reflected in National Science 
Foundation (NSF) data that show an $8 billion decline 
in the level of Federal R&D funds spent by industry 
between 1987 and 1993. 

Other companies have chosen to stick with the 
defense business and are even acquiring divisions and 
units shed by the downsizing firms. For example, in 
the early 1990s, Loral and Martin Marietta bought the 
defense-related businesses of other large defense con- 
tractors. The defense business is still profitable, and 
foreign customers are becoming more numerous. 
Therefore, those companies that have always been 
leaders in certain markets will continue to survive and 
thrive. There will just be fewer of them. 

The third group of companies consists of those firms 
attempting defense conversion, i.e., shifting from mili- 
tary to civilian-related activities. What is meant by the 
term “defense conversion” is actually diversification. It 
usually involves finding civilian uses for technologies 


previously developed for the military. Defense compa- 
nies diversifying into new markets include Westing- 
house, TRW, and Hughes. Although these companies 
have always had a substantial presence in the civilian 
sector, they are attempting to find new commercial 
markets for products and services that were initially 
developed for military use. Examples of these products 
include weather satellites and air traffic control sys- 
tems. In addition, the Government is currently support- 
ing these diversification efforts with programs such as 
the Technology Reinvestment Project. (See Defense- 
Related Issues in this chapter.) 

Smaller companies that served as subcontractors on 
large defense projects are also faced with transition into a 
because prime contractors are reducing the number of 
subcontractors and are now competing more often for 
small projects, business they would not have considered 
bidding for in the past. Downsizing is not an option for 
these firms, because they are already small. Diver- 
sification is their only choice if they want to survive. 

Another group of companies gaining prominence as 
a result of defense downsizing are spin-off firms. These 
are companies that got their start using new technolo- 
gies developed by large companies that did not want to 
commercialize the new technologies. Examples 
include a company that took sonar technology devel- 
oped by a large defense contractor and used it to devel- 
op equipment to monitor environmental pollution. 
Another successful company used encryption technol- 
ogy (developed for the National Security Agency) to 
make electronic tags to monitor hospital patients. It is 
too soon to tell how successful overall defense contrac- 
tors will be diversifying into new markets. The disrup- 
tion in R&D activities and labor markets caused by the 
end of Cold War hostilities, however, is likely to be at 
least somewhat mitigated by the ability of some of 
these companies to take advantage of burgeoning com- 
mercial opportunities. 


*Most of the information in this section came from Pages, 1993. 


@ Most of the research conducted by JRVs has been @ Few JRVs involve any type of defense-related research 


process-oriented, although there were 2 years—1991 
and 1992—during which the number of new filings 
for product-oriented JRVs exceeded the number of fil- 
ings claiming process-oriented research. 


Telecommunications and environmental research 
appear to be the most predominant focus areas for 
JRVs. The latter is the primary area of research for 
JRVs formed by companies in the chemicals, 
petroleum, and transportation equipment industries. 


or research in fields in which intellectual property 
rights tend to be well enforced, such as biotechnology, 
medical equipment, and pharmaceuticals. 


Nearly one-third of the members of JRVs are foreign 
based. The most well-represented countries are 
Japan, the United Kingdom, Canada, Germany, and 
France. 
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SOURCE: AN. Link, Research Joint Ventures: Patte:s for Federal 
Register Filings (interim report, February 1995). 
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Federal Cooperative Technology Programs 

Federal cooperative technology programs'’ have 
mushroomed in the past 15 years, a trend reflecting 
major changes in U.S. S&T policy.'* That is, the Federal 
role in supporting S&T programs has been extended 
beyond the traditional funding of mission-oriented R&D. 
It now includes support aimed at speeding the develop- 
ment, application, and commercialization of new tech- 
nologies in areas likely to contribute to economic growth 
and other societal needs. Factors shaping this new S&T 
policy include concern about international industrial 
competitiveness; a desire to maximize the value of 
Federal investment in S&T; the declining defense bud- 
get; and the military's increasing dependence on civilian- 
led technologies, especially in the area of electronics. 

Since 1980, a series of laws have been enacted to pro- 
mote Federal-civilian partnerships and to facilitate the 
transfer of technology’ between sectors. (See text table 
4-4 and SBIR Program Expands Support for Smail 
Business R&D.) Terms such as partnership and cost shar- 


“Cooperative technology programs are defined here as public-pri- 
vate initiatives involving Government and industry that sponsor the 
development and use of technology and improved practices to benefit 
specific companies. The primary goal is to stimulate economic growth 
Excluded are the nonstate or nonagency programs of individual institu 
tions, such as Federal laboratories and universities. Also excluded are 
programs for which economic benefits are secondary or tertiary goals; 
for instance, programs that have a main purpose to educate or meet 
agency mission requirements 

Most of the information in this section was obtained from Coburn, 
1995 

‘Technology transfer can cover a wide spectrum of activities, run 
ning the gamut from the exchange of ideas between visiting re 
searchers to contractually structured research collaborations involving 
the joint use of facilities and equipment 
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Text table 4-4. 
Principal Federal legisiation related to cooperative 
technology programs 


Stevenson-Wydier Technology innovation Act (1980) 
Required Federal laboratories to facilitate the transfer of feder- 
ally owned and originated technology to State and local gov- 
ermments and the private sector. The Act includes a 
requirement that each Federal lab spend a specified percent- 
age of its research and development budget on transfer activi- 
ties and that an Office of Research and Technology 
Application (ORTA) be established to facilitate such transfer. 


Bayh-Dote University and Small Business Pater.t Act 
(1960) Permitted government grantees and contractors to 
retain title to federally funded inventions and encouraged uni- 
versities to license inventions to industry. The Act is designed 
to foster interactions between academia and the business 
community. This law provided, in part, for title to inventions 
made by contractors receiving Federal R&D funds to be vest- 
ed in the contractor if they are small businesses, universities, 
or not-for-profit institutions. 


Small Business innovation Development Act (1962) 
Established the Small Business Innovation Research (SBIR) 
Program within the major Federal R&D agencies to increase 
government funding of research with commercialization poten- 
tial in the small high-technology company sector. Each Fed- 
eral agency with an R&D budget of $100 million or more is 
required to set aside a certain percentage of that amount to 
finance the SBIR effort. 


Federal Technology Transfer Act (1986) Amended the 
Stevenson-Wydier Technology innovation Act to authorize 
cooperative research and development agreements (CRADAS) 
between Federal laboratories and other entitites, including 


State agencies. 


Omnibus Trade and Competitiveness Act (1968) 
Established the Competitiveness Policy Council to develop 
recommendations for national strateg’ 3s and specific policies 
to enhance industrial competitiveness. The Act created sever- 
al new programs (@.9., the Manufacturing Technology 
Centers) in the Department of Commerce's National instiute 
of Standards and Technology to help small and medium size 
manufacturers become more competitive. 


National Competitiveness Technology Transfer Act (1988) 
Part of the Department of Defense authorization bill, this act 
amended the Stevenson-Wydier Act to allow Government- 
owned, contractor-operated laboratories to enter into coopera- 
tive R&D agreements. 


Defense Conversion, Reinvestment, and Transition 
Assistance Act (1982) initiated the Technology Reinvestment 
Project (TRP) to establish cooperative, interagency efforts that 
address the technology development. deployment, and educa- 
tion and training needs within both the commercial and 
defense communities. 


SOURCE C. Coburn (editor), Partnerships: A Compendium of State 
and Federal Cooperative Technology Programs (Columbus, OH: 
Battede Press. 1995) 
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The Small Business Innovation Research (SBIR) 
Program was created in 1982 to strengthen the role of 
small firms in federally supported R&D. Since that 
time, the SBIR Program has directed nearly 29,000 
awards worth almost $4 billion in R&D support to thou- 
sands of qualified small high-tech companies on a com- 
petitive basis. Under this program, which is 
coordinated by the Small Business Administration 
(SBA) and is in effect until the year 2000, when an 
agency's external R&D obligations (that is, those exclu- 
sive of in-house R&D performance) exceed $100 mil- 
lion, the agency must set aside a fixed percentage of 
such obligations for SBIR projects. This percentage ini- 
tially was set at 1.25 percent, but under the Small 
Business Research and Development Enhancement 
Act of 1992, it will rise to 2.5 percent by 1997. 

To obtain funding, a company applies for a Phase | 
SBIR grant: The proposed project must meet an agen- 
cy’s research need and have commercial potential. If 
approved, grants of up to $100,000 are made to allow 
the scientific and technical merit and feasibility of an 
idea to be evaluated. If the concept shows potential, 
the company can receive a Phase II grant of up to 
$750,000 to develop the idea further. In Phase III, the 
innovation must be brought to market with private sec- 
tor investment and support. No SBIR funds may be 
used for Phase III activities. 

Eleven Federal agencies participated in the SBIR 
Program in 1993, making awards totaling $698 million, 
an amount that was equivalent to 1.1 percent of all gov- 
ernment R&D obligations. The total obligated for SBIR 
awards in 1993 was 37 percent more than SBIR obliga- 
tions in 1992, the largest single-year jump since the 
program's inception. Whereas 72 percent of the grants 
awarded were Phase I grants (2,898 of 4,039 awards in 
1993), roughly 70 percent of total SBIR funds were dis- 
bursed through Phase II grants. Approximately 55 per- 
cent of all SBIR obligations were provided by DOD, 
mirroring this agency's share of the Federal R&D fund- 
ing total. (See appendix table 4-15.) 

SBA classifies SBIR awards into various technology 
areas. In 1993, the technology areas receiving the 
largest (value) share of Phase I awards were electron- 
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ics device performance and computer communica- 
tions, while optical lasers and biotechnology were the 
leading technology areas for Phase I] awards. In terms 
of all SBIR awards made during the 1983-93 period, 
roughly one-fifth were computer-related and one-fifth 
involved electronics. Each received more than one- 
half of their support from DOD and National 
Aeronautics and Space Administration. One-sixth of 
SBIR awards went to life science research; the bulk of 
such funding was provided by the Department of 
Health and Human Services (HHS). Materials-related 
research, which is funded largely by DOE and NSF, 
accounted for another one-sixth of total SBIR awards. 
(See figure 4-10.) 


Figure 4-10. 
Small Business innovation Research awards, 


by technology areas: 1983-93 
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Small Business Administration, Smal Business Innovation 
Development Act, 11th annual report (Washington, DC: 1995). 
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ing, once rarely heard in government agencies, are now 
part of the lexicon in most Federal R&D programs. For 
example, although the dollar amounts are small, the 
National Science Foundation went froi. having almost 
no programs requiring industry cost sharing in 1980 to 
more than 50 such programs in 1995. 

There are now more than 70 Federal cooperative tech- 
nology programs spread over at least 10 agencies. In fis- 
cal year 1994, Federal agencies spent approximately $2.7 


billion on cooperative technology programs. (See text 
table 4-5.) These cooperative technology programs can 
be divided into five categories: technology development, 
industrial problem solving, technology financing, startup 
assistance, and teaming. The largest of these groups is 
technology development, with FY 1994 total funding of 
more than $1 billion. Programs in this group provide 
assistance to companies to develop or adapt technology 
and include those that require companies to enter into 
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Text table 4-5. 
Cooperative technology program support 
Fiscal year 
Source of support 1992 1993 1994 
Millions of dollars 
Federal and state support, total............................ 1,980.0 2,835.1 3,101.5 
es a. oc ce cn ccdeusngubasdedbeeniens 1,673.6 2,519.6 2,717.0 
Rs nese cone betes eeartsieaneeks 429.4 442.2 450.8 
Department of Commerce........... 0 2. 2 oe eee eee ee eee 55.4 88.3 233.4 
i is oo dpe cechcekanaenee ode 692.9 1,257.3 1,101.7 
ee ik 505 60.00beeed ebsee 55.3 71.1 72.0 
Department of Health and Human Services................... 100.3 123.4 133.1 
GD ei De gn ee cen nedeesecens 04 1.0 16 
Department of Transportation ....... 2 eee ee 64.3 189.4 349.6 
Environmental Protection Agency....... .. 2. eee eee. 19.9 10.4 56.8 
National Aeronautics and Space Administration................ 128.6 191.0 168.6 
National Science Foundation....... © 2 eee ee 127.1 135.5 149.4 
SEY EE ye 36.4 315.5 384.5 


SOURCE: C. Coburn (editor), Partnerships: A Compendium of State and Federal Cooperative Technology Prograrns (Columbus, OH: Battetie Press, 1995). 


consortia with other companies, Government agencies, 
or universities. Examples of these programs are DOD's 
Manufacturing Technology (MANTECH) program, 
SEMATECH, the Technology Reinvestment Project 
(TRP), and NSF's Research Centers programs. 


Technology Transfer Activities 

Technology transfer activities are now an important 
mission component of Federal laboratories. (See The 
National Laboratories—A New Role? \ater in this chap- 
ter.) Of course, some agencies, including the 
Department of Agriculture’s (USDA) Agricultural 
Research Experiment Stations and the National 
Aeronautics and Space Administration’s (NASA) civilian 
aeronautics programs, have long shared their research 
with the private sector. According to most available indi- 
cators, Federal efforts to facilitate private sector com- 
mercialization of Federal technology have made 
considerable progress since 1987. For instance, 


@ The number of active cooperative research and 
development agreements (CRADAs) between Federal 
laboratories and private industry increased ninefold, 
rising from 108 in 1987 to almost 975 in 1991. NASA 
(with 25 percent of the total) and USDA (with 18 per- 
cent of the total) accounted for the largest number of 
CRADAs in 1991; DOE’s CRADA total rose from 1 in 
1990 to 43 in 1991. 


@ Federal laboratories increased their number of 
invention disclosures by 60 percent, and more than 
doubled their number of patent applications 
between 1987 and 1991. DOD led all other agencies 
in these efforts. 


Science & Engineering indicators - 1996 


@ The number of exclusive and nonexclusive licensing 
agreements between firms and Federal laboratories 
increased 100 percent. DOE granted the largest number 
of licenses (351) to industry in the 1987-91 period. 


Research and Development Tax Credits 

In addition to direct financial R&D support, the 
Government has tried other policy instruments to stimu- 
late corporate research spending indirectly. The most 
notable of these efforts has been to offer tax credits on 
incremental research and experimentation (R&E) expen- 
ditures.'" The credit was first put in place in 1981 and has 
been renewed six times—most recently, through the end 
of June 1995." Although the computations are complicat- 
ed, the tax code provides for a 20-percent credit for the 
amount of a company’s qualified R&D that exceeds a cer- 
tain threshold.'* Since 1986, companies have been 
allowed to claim a similar credit for basic research grants 
to universities and other qualifying nonprofit institutions, 
although the otherwise deductible R&E expenditures are 
reduced by the amount of the basic research credit.'” 


“Not all R&D is eligible for such credit, which is limited to expendi- 
tures on laboratory or experimental RAD 

For a complete history of the tax credit, measurement of its effec 
tiveness, and comparisons with RAD tax provisions enacted in other 
countries, see Office of Technology Assessment (1995b) 

“The complex base structure for calculating qualified RAD spending 
was put in place by the Omnibus Reconciliation Act of 1989. With vari 
ous exceptions, a company’s qualifying threshold is the product of a 
fixed-base percentage multiplied by the average amount of the compa 
ny's gross receipts for the 4 preceding vears. The fixed-base percent 
age is the ratio of RAE expenses to gross receipts for the increasingly 
distant 1984-88 period. Special provisions cover start-up firms 

“In 1992, firms applying for the RAF credit spent about $1 billion on 
research performed by educational and scientific organizations, of 
which—after various qualification restrictions—the basic research 
credit contributed less than 5200 million toward the RAF tax credit 
(OTA, 1995b) 
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The dollar value of R&E tax credits actually received 
by firms is unknown. Information from the Internal 
Revenue Service indicates that in any given tax year this 
dollar value can be 20 to 30 percent less than the amount 
for which firms file claims—nearly $1.6 billion in 1992, 
the most recent year for which data are available (OTA, 
1995b). This amount has fluctuated since the credit’s 
inception in 1981, but has remained rather steady since 
1988. (See figure 2-11 and appendix table 4-16.) 

Additionally, as part of the Federal budget process, 
the U.S. Treasury Department annually calculates esti- 
mates of foregone tax revenue (tax expenditures) due to 
preferential tax provisions, including the R&E tax credit. 
As one measure of budgetary effect, the Treasury pro- 
vides outlay-equivalent figures. These allow a compari- 
son of the cost of this tax expenditure with the cost of a 
direct Federal R&D outlay. Between 1981 and 1994, more 
than $24 billion was provided to industry through this 
indirect means of Federal R&D support—an amount 
equivalent to about 3 percent of direct Federal R&D sup- 
port. (See appendix table 4-16.) 

In general, most of the credit has been claimed by 
manufacturing firms, which accounted for three-fourths 
of the $1.6 billion total in 1992. Companies that took the 
most advantage of the credit were large firms and those 
that produce pharmaceuticals (17 percent of total), elec- 
trical equipment and transportation equipment (14 per- 
cent each), and machinery (11 percent). Since 1981, the 
nonmanufacturing share of claimed credits has risen 
from less than 20 percent to 24 percent of the total. 

The tax credit has received mixed reviews regarding 
its overall effectiveness. Results of various studies under- 
taken since the mid-1980s were summarized in a recent 
literature review and 1995 experts workshop supported 
by the Office of Technology Assessment (1995b): 


@ A complete cost-benefit assessment of the R&E tax 
credit requires information that has not been collect- 
ed and may be either unavailable or impossible to 
estimate accurately, and even the most recent studies 
already are dated. Nonetheless, assessments under- 
taken soon after initial enactment of the credit (those 
using data for the years 1981 to 1983) concluded that 
the R&E tax credit cost more in lost revenues than it 
produced in additional R&E expenditures. More 
recent, and somewhat more comprehensive, studies 
(using data for the years 1988 and later) indicated 
that the amount of induced R&E spending approxi- 
mates revenue cost in the short term and exceeds it 
in the long term”’:; and 


“Whatever its ultimate impact on RAD spending, the tax credit has 
certainly influenced spending less than it could have, had it been less 
subject to erratic legislative treatment. The tax credit has had to be 
repeatedly (almost annually) renewed, its calculation provisions have 
changed considerably over the years, and it was even allowed to lapse 
several times—circumstances that created considerable uncertainty for 
businesses that would otherwise have planned to take the tax credit 


¢ 421 


Billions of constant 1967 dollars 

: @ Outlay equivaient Credits claimed by u S. firms 
2 

1 

0 


ABE = research and 
Ae rt sey Service data on ASE tax credit claims ave 
uneveilabie tor years after 1902 


See appendix table 4-16. Science & Engineering indicators - 1986 


@ Although some firms substantially rely on the cred- 
it—as is often the case in industries with rapidly 
expanding R&D outlays (as in communications and 
information technology) and industries for which 
R&D performance strongly affects market valuation 
(as in biotechnology)—preliminary evidence indi- 
cates that the R&E tax credit rarely factors into indi- 
vidual firms’ R&D planning processes. 


Federal Research and Development 


R&D accounts for only a small portion—roughly 5 per- 
cent—of the total Federal budget. Yet trends in Federal 
R&D support—like overall Federal spending—reflect 
shifting national priorities. These changes are easily 
detected by exaniining the most recent data on Federal 
R&D obligations. They reflect the Nation's growing 
emphasis on deficit reduction and a shift in the balance 
between defense and domestic programs. For example, 
the level of total Federal R&D obligations in 1995 was 
actually lower, in real terms, than in 1990. Almost all of 
this decline is attributable to cutbacks in defense-related 
programs made possible by the virtual cessation of Cold 
War hostilities. At the same time, the reduction in 
defense-related R&D was somewhat counterbalanced by 
an increase in Federal support for civilian R&D pro- 
grams, including those aimed at improving diagnosis 
and treatment of disease, cleaning up the environment, 
and enhancing technological competitiveness and eco- 
nomic prosperity. 


Although Federal R&D financing has traditionally 
received strong bipartisan support, there are some defi- 
nite signs that it has become more politicized in recent 
years. There are clear differences in emphases and prior- 
ities. For example, the major political parties are not in 
tune with each other on the role of the Government in 
supporting technology development. This disagreement 
has been brought sharply into focus with the 1994 elec- 
tion of the first Republican Congress in 40 years. The 
congressional turnover—combined with a Democratic 
Administration committed to a role for the Federal 
Government in civilian technology development—has 
set the stage for this difference of opinion to be thrashed 
out in the political arena. 

It is impossible to know at this time what the final res- 
olution will be. Therefore, the following sections cover 
recent, not future, trends in Federal R&D obligations. 


Patterns of Fed*3i R&D Support 

Although 25 F. .eral departments and agencies fund 
R&D, 7 account for the vast majority (95 percent) of 
Government R&D support. (See figure 4-12.) Each of 
these seven agencies had an R&D budget exceeding $1 


Figure 4-12. 
National R&D obligations, by selected agen-y 
Billions of constant 1987 dollars 
10 — 
oon 
w ; 
- : ** HHS Pd 
a ; Al offhe agence. ; \ } 
° ‘oa - 
_ *ee0 8 1e@e0 1 2 ~ 
. , A, 
6 ee 
es 7 
4 , 
oo , 
“*.. > a J _gquvtmttoooooses — 
\ , 
4 . - e 
‘ ae 
‘ a” 
~- 
2 
NSF 
— USDA 
) — = 
SSeeeseesoneeeseeeeesoocccceceneosoe*™””"™ - poc 
0 + ~ a + ~ — = ”~ ." he A ‘A s a a i 
1980 1985 1990 1995 
000 = Department of Defense 


Chapter 4. Research and Development: Financial Resources and institutional Linkages 


billion in FY 1995. In descending order, these agencies 
are: DOD ($34.9 billion in FY 1995); HHS ($11.5 billion); 
NASA (58.6 billion); DOE ($6.4 billion); NSF ($2.2 bil- 
lion); USDA ($1.4 billion); and the Department of 
Commerce (DOC) ($1.2 billion). DOC is a recent addi- 
tion to this list of the largest Federal R&D agencies. 
(See appendix table 4-17.) 

The decline in total Federal R&D support during the 
1990s is almost entirely attributable to cutbacks at DOD. 
DOD R&D support fell in both current and constant dol- 
lars in 5 of the past 6 years. DOD accounted for about 
half of all Federal R&D obligations in FY 1995, down from 
nearly two-thirds of the total in 1986, at the height of the 
Reagan Administration defense buildup. (See figure 
4-13.) Defense-related R&D programs financed by DOE 
were also curtailed during the early 1990s, causing the 
DOE R&D budget to shrink slightly in real terms during 
the first half of the decade. 

The curtailment of defense-related R&D programs 
was somewhat counterbalanced by R&D funding gains 
at other agencies. For example, HHS R&D obligations 
registered an estimated 3.5-percent average annual real 
increase between 1990 and 1995. This agency, which is 
a distant second to DOD in terms of total R&D support, 
increased its share of the Federal R&D budget from 11 
percent in 1986 to 17 percent in 1995. This growth 
reflects the mission interests of the National Institutes 
of Health (NIH). NIH accounts for 95 percent of HHS 
R&D obligations. In addition, two other agencies—NASA 
and NSF—each had comparable annual average increas- 
es of 2.7 percent during the period. 

Among all R&D-funding agencies, the Commerce 
Department experienced the largest percentage increas- 
es in R&D support during the late 1980s and early 1990s, 
although its R&D budget is still relatively small com- 
pared with those of the other major R&D agencies. This 
agency's R&D obligations increased threefold between 
FY 1988 and 1995. Nearly all of this gain is attributable to 
the funding of projects awarded under the National 
Institute of Standards and Technology's (NIST) Ad- 
vanced Technology Program (ATP), which is currently 
being re-examined.*' 

Funding of the USDA’s R&D programs has been fairly 
stable in real terms during the 1990s. The National 
Research Initiative, a merit-reviewed competitive grants 
program started in FY 1991 to support research in natural 
resources, the environment, nutrition, and food health 
and safety, now has a budget exceeding $100 million. 


“Since 1990, more than $1 billion in public and private funds have 
been invested in ATP projects. (In addition to the ATP, NIST’s Tech- 
nology Portfolio includes the Manufacturing Extension Partnership, 
laboratory research and services, and the Baldrige National Quality 
Program.) Similar to DOD's Technology Reinvestment Project (see 
section on Defense-Related R&D), ATP was designed to spur the forma 
tion of partnerships between industry and the government to develop 
and exploit high-risk, enabling technologies. Key terms associated 
with the ATP are industry-driven and cost-shared, i.e., R&D priorities for 
the program are established by industry, not the Government, and 
firms seeking ATP sunport must provide a portion of, and in the case of 
multifirm projects, at least half the financing. 
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Figure 4-13. 
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Federal obligations, by agency and type of activity: 1995 
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See appendix table 4-17. 


Two other agencies with relatively small R&D pro- 
grams—the Department of Transportation (DOT) and 
the Environmental Protection Agency (EPA)—experi- 
enced sizable gains in R&D obligations in the early 
1990s, averaging 11 percent and 5 percent per year, 
respectively, in real terms between 1990 and 1995. The 
expansion of R&D programs funded by these agencies 
reflects the current emphasis on R&D related to environ- 
mental protection and transportation advancements in 
the areas of fuel efficiency and emissions, including the 
Partnership for a New Generation Vehicle, or “clean car” 
initiative. 


Federal Research and Development 
Support by Character of Work 

Federal obligations for basic research, applied 
research, and development were an estimated $14.2 bil- 
lion, $14.0 billion, and $41.2 billion, respectively, in FY 
1995. (See appendix table 4-17.) Among these three 
items in the Federal R&D budget, applied research is 
estimated to have registered the largest absolute ($3.5 
billion) and percentage (34 percent) gains in the first 
half of the 1990s. 
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Basic Research 

Government funding of basic research has always 
received strong bipartisan support. Five agencies obli- 
gate more than $1 billion annually for basic research; 
these five agencies also account for 9 out of every 10 
Federal dollars spent on basic research. HHS is by far 
the largest supporter of basic research. This agency's FY 
1995 obligations, an estimated $6.2 billion, were more 
than triple NSF's, which ranks second (82.0 billion). The 
other leading supporters of basic research are NASA 
($1.8 billion); DOE (S1.7 billion); and DOD (81.2 billion). 

During the 1980s, Federal basic research obligations 
more than doubled, increasing from $4.7 billion in FY 
1980 to $11.3 billion in FY 1990. Basic research support 
continued to increase during the 1990s, but at a much 
ieduced rate—1.8 percent per year in constant dollars, 
compared with 4 percent during the previous decade. 
Among the five leading supporters of basic research, 
HHS registered the largest absolute and percentage 
gains, the latter averaging 3.2 percent per year during 
the 1990s, followed by DOD and NSF, with average annu- 
al increases of 2.7 percent and 2.3 percent, respectively. 
NASA and DOE, which registered the highest growth 
rates in basic research obligations among the five agen- 
cies in the late 1980s, had slight reductions in the 1990s, 
averaging 1.0 percent and 0.8 percent, respectively. 
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Applied Research 

Federal funding sources for applied research are some- 
what less concentrated than those for basic research dol- 
lars; i.e., four agencies (NSF drops out of the group) 
obligate more than $1 billion annually for applied 
research; those four agencies account for approximately 
two-thirds of all applied research obligations. 

HHS is the leading supporter of applied research, with 
an estimated $3.1 billion in obligations in FY 1995. (A 
large portion of these monies support research related to 
the treatment of various diseases, including cancer and 
acquired immune deficiency syndrome [AIDS].) DOD is 
second ($2.7 billion), followed by NASA (S1.7 billion), 
and DOE (S1.6 billion). HHS recorded a slightly above 
average increase in applied research obligations in the 
1990s, and NASA had a somewhat below average gain. 
Although both DOD and DOE recorded healthy increas- 
es in applied research obligations in the early 1990s, a 
turnaround is expected in subsequent years. DOD FY 
1995 obligations are estimated to be 18 percent lower in 
real terms than FY 1993 obligations, and DOE’s are 
expected to be down 5 percent between 1992 and 1995. 


Development 
DOD is the source of approximately three-fourths of all 


Federal money spent on development. In FY 1995, DOD 
obligations for development were an estimated $30.7 bil- 
lion. DOD development obligations have been falling 
almost continuously in real terms since FY 1989, the year 
they were at a peak level of nearly $34 billion. 

The other Federal agencies that obligate more than $1 
billion annually for development are NASA ($3.9 billion in 
FY 1995); DOE ($2.7 billion); and HHS ($1.6 billion). All 
of these agencies realized real gains in development obli- 
gations between FY 1993 and FY 1995, ranging from 
about 1 percent for DOE to 12 percent for HHS. The DOE 
gain partially offset a decline that the agency suffered 
between 1990 and 1992. 


Research and Development 
Agency-Performer Patterns 

Most Federal R&D funds are actually spent in other 
sectors of the economy. R&D funding relationships 
between supporting agencies and performing sectors are 
well established and tend to be fairly stable over time. 
(See appendix tables 4-18 and 4-19 and text table 4-6.) 
For example, 


@ DOD is the source of nearly 80 percent of the Federal 
R&D money spent dy industry. More than 90 percent 
of those funds support development work. Two other 
agencies—NASA and DOE—provide most of the 
other Federal R&D dollars industry receives. 


@ HHS is the largest supporter of federally financed 
R&D performed at universities and colleges, account- 
ing for more than one-half of all Federal R&D funds 
received by these institutions. In fact, most of HHS’s 


R&D obligations support work performed in 
academia; only one-fifth are spent internally, mostly 
in NIH laboratories. HHS is also the largest supplier 
of Federal R&D funding for nonprofit organizations. 
Approximately 5 percent of HHS obligations are slat- 
ed for industrial firms. 


@ The other leading supporters of R&D conducted in 
academic laboratories are NSF and DOD. Approxi- 
mately 90 percent of the NSF research budget sup- 
ports projects at universities and colleges; 10 percent 
is used to fund work at FFRDCs administered by NSF 
and DOD. 


@ DOE and DOD supply the majority of Federal R&D 
obligations for FFRDCs. More than one-half the DOE 
R&D budget is spent at FFRDCs. 


@ Unlike all other Federal agencies, three depart- 
ments—Agriculture, Commerce, and Interior— 
spend most of their R&D obligations internally. Most 
of the R&D supported by these agencies is mission- 
oriented and conducted in laboratories run by the 
Agricultural Research Service, NIST, and the Geo- 
logical Survey. (See appendix table 4-20.) 


Most Federal basic research dollars are spent at uni- 
versities and colleges; this sector receives most of its 
basic research support from HHS (52 percent in FY 1995) 
and NSF (22 percent). Federal obligations for basic 
research conducted by private firms are concentrated in 
the research budgets of NASA (43 percent), HHS (23 per- 
cent), and DOD (14 percent). Federal in-house work on 
basic research programs is distributed among several 
agencies, with the largest portions conducted by HHS 
(37 percent), NASA (18 percent), and USDA (16 percent). 


Fields of Science and Engineering Research 

Among fields receiving Federal research support, life 
sciences garner the largest share of both basic and 
applied research obligations. (See appendix table 4-21.) 

An estimated $6.9 billion was obligated for basic 
research in the life sciences (which includes the biologi- 
cal, medical, and agricultural subfields) in FY 1995, near- 
ly half the basic research total of $14.2 billion. This 
support has grown steadily since the early 1980s, 
although the rate of increase slowed considerably during 
the mid-1990s, consistent with the growth pattern for all 
of HHS, the major funding agency for life sciences. (See 
figure 4-14 and appendix tables 4-22 and 4-23.) 

DOE provides most of the funding for basic research in 
the physical sciences, which accounted for an estimated 20 
percent of all basic research obligations in 1995. Support 
for research in this field has been falling since 1991. 
Almost all of the decrease occurred in the physics subfield, 
where funding for the Superconducting Super Collider was 
eliminated in an effort to reduce the Federal deficit. 

Life sciences received the largest applied research 
funding support—an estimated $4.7 billion in FY 1995, 34 
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Text table 4-6. 
Estimated Federal R&D obligations, by character of work, performer and primary funding source: FY 1995 
Performer, total Primary Secondary 
Character of work and performer Federal obligations funding source funding source 
— Millions of doliars — —Percent — — Percent — 
indie siti a tiienceenseeedenteetens 69,366 DOD 50 HHS 17 
Federal intramural laboratories................... 16,724 DOD 49 NASA 15 
tee cccyeeececeseeeees 31,244 DOD 77 NASA 13 
industry-administered FFRDCs ................... 1,298 DOE 81 DOD 13 
Universities and colleges ....................... 12,097 HHS 54 NSF 15 
University-administered FFRDCs.................. 3,608 DOE 54 NASA 30 
Other nonprofit insitutions ...................... 2,712 HHS 63 NASA 11 
Nonprotit-administered FFRDCs .................. 890 DOD 55 DOE 39 
Basic research, total ......................5.5.. 14,201 HHS 44 NSF 14 
Federal intramural laboratories................... 2,720 HHS 37 NASA 18 
ett cece eet eetessteeres 964 NASA 43 HHS 23 
Industry-administered FFRDCs ................... 213 DOE 77 HHS 23 
Universities and colleges.....................2.. 7,497 HHS 52 NSF 22 
University-administered FFRDCs.................. 1,422 DOE 64 NASA 21 
Other nonprofit insitutions ...................... 1,130 HHS 79 NSF 10 
Nonprofit-administered FFRDCs .................. 88 DOE 84 HHS 8 
Applied research, total......................... 13,960 HHS 28 DOD 22 
Federal intramured laboratories................... 4,880 DOD 21 HHS 20 
i ih iit ec eoeegeecesseeeetes 3,165 DOD 46 NASA 24 
Industry-administered FFRDCs ................... 422 DOE 81 HHS 9 
Universities and colleges....................... 3,343 HHS 59 DOD 11 
University-administered FFRDCs.................. 804 DOE 72 NASA 13 
Other nonprofit insitutions ...................... 916 HHS 63 AID 14 
Nonprofit-administered FFRDCs .................. 131 DOE 76 HHS 8 
Development, total........ 2... 2c 41,205 DOD 74 NASA 12 
Federal intramural laboratories................... 9,124 DOD 75 NASA 13 
DE det tp eee eeeeeccecscececoeceees 27,114 DOD 83 NASA 10 
industry-administered FFRDCs ................... 663 DOE 82 DOD 11 
Universities and co lieges....... 0... .....0 00005. 1,257 HHS 52 DOD 29 
University-administered FFRDCs.................. 1,381 NASA 49 DOE 34 
Other nonprofit insitutions .....................4. 666 HHS 35 NASA 26 
Nonprofit-administered FFRDCs .................. 671 DOD 72 DOE 26 
AID = Agency for international Development 
DOD = Department of Defense 
DOE = Department of Energy 


percent of the total. Engineering was close behind with 
$4.3 billion in obligations, 31 percent of the total. All 
fields—except the social sciences—registered real gains 
between FY 1990 and FY 1993; mathematics and comput- 
er sciences outpaced the others, with an average annual 
increase of 14.4 percent. Gains in the other fields ranged 
from 6.5 percent in the physical sciences and engineer- 
ing to 2.9 percent in the environmental sciences during 
that period. Between FY 1993 and FY 1995, however, all 
fields except the mathematical and computer sciences 
are expected to have rates of change below or close to 
zero. (See appendix table 4-23.) 
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Cross-Cutting Research and Development Initiatives 

The current Administration, through its National 
Science and Technology Council, has articulated the 
following goals for U.S. S&T programs (Clinton and 
Gore, 1994): 


@ Maintain leadership across the frontiers of scientific 
knowledge; 


@ Enhance connections between fundamental research 
and national goals; 


@ Stimulate partnerships that pr. mote investments in 
fundamental science and engineering and effective 
use of physical, human, and financial resources; 
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@ Produce the finest scientists and engineers for the 
21st century; and 


@ Raise scientific and technological literacy of 
all Americans. 


These goals currently serve as guideposts for setting 
S&T priorities, along with additional policy directives 
that emphasize the importance of peer review, cost- 
shared partnerships, human resources development, 
international cooperation, and environmental objectives 
in awarding funding for S&T programs. 

The previous Administration adopted—and the cur- 
rent Administration has continued to use—a new 
approach to planning, budgeting, and coordinating 
Federal support for S&T. In the President’s annual bud- 
get, several S&T programs are singled out for special 
attention because they (1) have been deemed vitally 
important to the country’s future growth and prosperity 
and (2) involve multiagency and multidiscipline collabo- 
ration and support; hence, they are usually referred to as 
cross-cutting initiatives. Each of these cost-sharing part- 
nerships involves not only the participation and financial 
support of several Federal agencies, but also private sec- 
tor participation. 

In its most recent budget proposal, the Clinton 
Administration included funding that amounted to a total 
of $7.8 billion for six cross-cutting initiatives: 


@ Technology and Learning Challenge, 
@ Partnership for a New Generation of Vehicles, 
@ Construction and Building, 


Applied research 


¢@ Physical Infrastructure for Transportation, 
@ Environment and Natural Resources, and 
@ High Performance Computing and Communications. 


The largest of these initiatives in terms of the dollar 
support is the Environment and Natural Resources pro- 
gram (this program is primarily, but not exclusively, for 
R&D). Twelve agencies are expected to contribute a total 
of $5.3 billion in FY 1996; $2.2 billion of those funds will 
support the U.S. Global Change Research Piogram. 

The other initiative with a proposed budget exceeding 
$1 billion is the High Performance Computing and 
Communications program, which has nine agency partic- 
ipants. Its purpose is to secure U.S. leadership in infor- 
mation and communications technologies and to support 
the National Information Infrastructure initiative. 

Congress is deliberating on the appropriate funding levels 
and priorities for these initiatives. Priority is being placed on 
basic research as opposed to technology programs. 


Federally Funded Research 
and Development Centers 


Federal R&D obligations for all government laborato- 
ries are expected to equal $22.5 billion in FY 1995, 37 per- 
cent of total Federal R&D obligations. (See text table 4-7.) 

Thirty-nine of these laboratories are designated 
FFRDCs.” R&D obligations for these facilities totaled $5.8 
billion in FY 1995. (See appendix tables 4-3 and 4-24.) 


2FFRDCs include both Government-owned, contractor-operated labs 
and labs that are owned by nongovernment organizations but do virtu- 
ally all of their work for the Government. 
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Text table 4-7. 

Estimated Federal R&D obligations, by selected ag=acy and government laboratory: FY.1995 

Agency Total R&D Total laboratory intramural FFRDCS 

Millions of dollars 

All agencies, total... . 2... 2. eee eee 69,366 22,520 16,724 5,796 
Department of Agriculture ...... 2... 2.22. eee e eee 1,387 945 945 F 
Agricultural Research Service......... nS Pre 672 640 640 0 
Forest Service... 2. cece eee 213 187 187 0 
Department of Commerce........... i iewaaan << 1,212 662 662 1 
National institute of Standards and Technology ... . . 694 234 234 . 
National Oceanic and Atmospheric Administration . . . 508 418 417 1 
Department of Defense. ............ biteake ex cos 34,927 9,049 8,160 889 
Department of Health & Human Services .... . Fieers 11,481 2,498 2,268 230 
National institutes of Health .... . ped eA E ks be 10,851 2,160 1,930 230 
Department of the interior... .................5.. 631 559 559 ° 
U.S, Geological Survey ...... ine wed Seed Bae 359 334 34 0 
National Aeronautics and Space Administration... .. . . 8,585 3,555 2,481 1,075 

* = lees than $500,000 


NOTE: These figures refiect funding levels as reported by Federal agencies in March through October 1994. 
SOURCE: Science Resources Studies Division, National Science Foundation, Selected Data on Federal Funds for Research and Development, Fiscal Years 


1983, 1994, and 1995, NSF 95-334 (Arlington, VA: NSF, 1995). 


FFRDCs are R&D-performing organizations adminis- 
tered by industrial firms, universities, or nonprofit orga- 
nizations and financed either exclusively or substantially 
by a Federal agency either to meet particular R&D objec- 
tives or to provide major facilities at universities for 
research and related training purposes. There are four 
categories of FFRDCs: research laboratories, R&D labora- 
tories, study and analysis centers, and systems engineer- 
ing/systems integration centers. 

The most well-known FFRDCs are often referred to as 
the national laboratories. These 10 facilities are adminis- 
tered by DOE. Three were established during World War 
II specifically to design and build nuclear weapons; six oth- 
ers were created in the decades immediately following the 
war to develop commercial applications of nuclear technol- 
ogy.” (See The National Laboratories—A New Role?) 


Research and Development Support by Agency 
Despite an increase in collaborative efforts with the 
outside world, most of the work conducted at FFRDCs is 
still defense-related R&D funded by DOE. This agency 
provided an estimated $3.4 billion in FY 1995, more than 
half the FFRDC total. (See appendix table 4-25.) DOE is 
the sponsoring agency for 19 FFRDCs, including the 10 


°23The 10 laboratories are Lawrence Berkeley, Los Alamos, and Oak 
Ridge, which were established during World War II to design and build 
nuclear weapons; Argonne, Brookhaven, Sandia, Idaho Engineering, 
Lawrence Livermore, and Pacific Northwest, which were created 
between 194c and 1965 to advance civilian uses of nuclear technology; 
and the National Renewable Energy Laboratory, which was established 
to conduct R&D on alternative energy sources. The National 
Renewable Energy Laboratory was given FFRDC status in 1991. 
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national laboratories.*4 Eleven of these facilities are 
administered by universities and colleges, five by indus- 
trial firms, and three by nonprofit organizations. DOE 
funding of work performed at FFRDCs reached an all- 
time high of nearly $4 billion in FY 1992. Recent declines 
are largely attributable to the removal of three industry- 
administered laboratories (Bettis Atomic Power Labora- 


*4In 1994, the Secretary of Energy established an independent panel, 
officially named the Task Force on Alternative Futures for the De- 
partment of Energy National Laboratories. The panel was charged 
with advising the department on the (1) future role of the national labs, 
now that the United States is no longer making bombs the way it used 
to and (2) management of the labs. The panel's conclusions were 
issued in a publication known as The Galvin Report (after the panel 
chairman, retired Motorola Chief Executive Robert Galvin). It advised 
the department 

¢ Not to dismantle the national laboratory system (although it 
allowed that some downsizing is probably in order, given the labs’ 
reduced mission responsibilities in the post-Cold War era); 

¢ Not to transform the labs’ core missions and competencies; i.e., 
the panel recommended that the labs (1) focus on what they do best, 
which is long-term, fundamental research, (2) limit their technology 
transfer activities to those involving the dissemination of research 
results; and (3) not expand their R&D activities to include technologies 
that would mainly benefit private sector companies. 

¢ To revamp the way the laboratories are managed. The panel leveled 
its harshest criticism at DOE and Congress. ' ~anel members conclud- 
ed that too much bureaucracy and oversight have hampered the labs’ 
operation and productivity and distorted their missions. The panel recom- 
mended that each lab adopt a corporate style of management. 

Other reports on Federal laboratories have been produced in recent 
years, including DOD’s Dorman Report (Department of Defense, 
1995c), NASA’s Foster Report (NASA, 1995), and HHS’ Bishop/Calabresi 
Report (National Institutes of Health, 1995) and Cassell/Marks Report 
(NIH, 1994). 
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The National Laboratories—A New Role? 


The role of the 10 national laborato- 
ries in the Nation’s S&T enterprise has 
been the subject of an ongoing dialogue 
on their future, with respect to their 
R&D programs becoming more commer- 
cially relevant. Like the rest of the 
defense community, these laboratories 
are facing the challenge of finding alter- 
native activities in light of continuing 
reductions in military expenditures. In 
addition, not only are no new nuclear 
weapons now planned, but also interest 
in expanding civilian nuclear energy 
capabilities has been on the decline 
because accidents like those at Three 
Mile Island and Chernobyl and the prob- 
lem of nuclear waste cleanup and dispos- 
al have made future investment in 
nuclear technology problematic. 

Increasingly, the national laboratories 
have begun to redefine their missions by 
changing the focus of their research 
activities to include participation in S&T 
projects likely to provide commercial 
benefits to the private sector. Recent laws 
have made technology transfer an official 
mission of the laboratories. (See text 
table 4-4.) Evidence of the impact of these 
laws is found in the growing number of 
CRADAs. (See Technology Transfer 
Activities in this chapter.) 

In 1994, Congress asked the General 
Accounting Office (GAO) to conduct a 
study of the 10 national laboratories to 
assess their potential for commercial 


product development. 


Since 1980, the Congress has had 
an active interest, expressed in a 
series of laws, in seeing that more 
of the national laboratories’ outputs 
be put to commercial uses. Chang- 
ing needs for defense technology 
resulting from the end of the Cold 
War and concern with maintaining 
U.S. industry’s competitiveness in 
global markets have led several 
members of Congress to open a 
public debate and propose new leg- 
islation that addresses the national 
laboratories’ missions, structure, 
and cooperation with industry. 
Among the alternatives being con- 
sidered in the public debate are 
reducing all the laboratories’ bud- 
gets,* consolidating or closing 
some of them, and redirecting their 
weapons development mission 


toward commercial product-related 
R&D in such areas as technology 
development for environmental 
restoration, energy, and high-perfor- 
mance computing (GAO, 1994). 


After reviewing data for FY 1992 and 
earlier years and interviewing laboratory 
officials, the GAO investigators conclud- 
ed the following: 


@ Less than half (44.6 percent) of the 
laboratories’ efforts were spent on 
basic and applied research; 

@ Slightly more than half (52.4 per- 
cent) of their R&D- and S&T-related 
funds financed research related to 
commercial product development 
during FY 1992. More specifically, 
30.9 percent of the laboratories’ total 
efforts were spent on development 
projects, 14.4 percent on providing 
technical assistance, and 7 percent 
on technology transfer; 


@ Most of the work classified as devel 
opment (56.7 percent) was devoted to 
defense activit’us (which may have 
more limited market opportunities), 
as opposed to nondefense activities; 
and 


@ The work of the laboratories had the 
potential to contribute to the devel- 
opment of commercially viable tech- 
nologies. This conclusion was based 
on three indicators: (1) the forma- 
tion of cooperative R&D agreements 
between the laboratories and indus- 
try increased from 17 in FY 1989 to 
196 in FY 1992. (See the section on 
Federal Cooperative Technology 
Programs)‘; (2) about three-fourths of 
the 10 laboratories’ R&D expendi- 
tures were focused on those technolo- 
gies deemed vital to national needs by 
the National Critical Technologies 
Panel (OSTP, 1995a); and (3) over half 
of the managers of programs with 
commercial product potential expect- 
ed clear evidence of that potential to 
emerge within 5 years or less (from 
FY 1992) (GAO, 1994). 


@ Although the GAO staff concluded 
that the potential for commercial 
product development exists, they 
cautioned that whether or not the 
laboratories will actually achieve 
commercial applications for their 


work is unknown because any poten- 
tial products are still several years 
away from market entry. 


Although it is still too early to docu- 
ment Federal laboratories’ contribution 
to product development, there is clear 
evidence of growing cooperation be- 
tween FFRDC researchers and re- 
searchers in other sectors. Coauthorship 
patterns of articles published in a set of 
about 4,000 scientific and technical jour- 
nals* show that, between 1981 and 1993, 
industry, universities, FFRDCs, and 
Federal agencies each experienced a 
steady increase in the number and per- 
centage of publications with authors out- 
side their own research community. 

The growth in multi-institutionally 
authored papers was particularly notable 
for researchers employed at FFRDCs. 
In 1981, 39 percent of scientific and techni- 
cal papers published by FFRDC re- 
searchers were authored with researchers 
in other sectors; in 1993, the share of 
FFRDC papers published with non-FFRDC 
co-authors had risen to 57 percent. 
Similarly, 58 percent of papers by re- 
searchers in Government agencies in 1993 
had co-authors from other sectors (includ- 
ing FFRDCs), compared with 49 percent 
in 1981. 

A recent study covering 1981-91 
(Stevens, Kroll, and Narin, 1994) shows 
that, generally, the share of multi-institu- 
tionally authored papers grew for each 
individual Federal agency during this 10- 
year period, with the greatest growth (in 
both absolute numbers and as a percent- 
age of publications) reported for NIH- 
and NASA-based researchers, and for 
several of DOE’s FFRDCs (notably 
Lawrence Livermore, Sandia, Oak 


Ridge, and Argonne). 


*The DOE Secretary has proposed trim- 
ming $10.6 billion from the agency's budget 
over the next 5 years. 

+More recent data show that the three 
weapons labs (Los Alamos, Sandia, and 
Livermore) have now signed more than 300 
CRADAs with industry to conduct cost- 
shared collaborative research. 

#See Chapter 5, Academic Research and 
Development: Infrastructure and Perform- 
ance for a discussion of relative strengths and 
shortcomings of bibliometric data and addi- 
tional analysis of intersectoral publication 
matters. Data presented here are drawn from 
appendix table 5-37. 
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tory, Hanford Engineering Development Lab, and Knolls 
Atomic Power Laboratory) from FFRDC designation in 
late 1992. 

NASA ranks second in terms of R&D funds spent at 
FFRDCs; FY 1995 R&D obligations amounted to $1.1 bil- 
lion, a large gain over the FY 1993 and FY 1994 levels of 
$685 million and $816 million, respectively. NASA is the 
only major FFRDC-supporting agency expected to have 
an increase between 1992 and 1995. The agency spon- 
sors only one FFRDC, the Jet Propulsion Laboratory (ad- 
ministered by the California Institute of Technology). 

DOD sponsored 10 FFRDCs in 1995: 2 administered by 
universities and 8 by nonprofit organizations. Total DOD 
support is estimated to have fallen 42 percent in the mid- 
1990s—from $1.5 billion in FY 1992 to $889 million in FY 
1995. More than half the decrease occurred in universi- 
ty-administered facilities. Industry-administered FFRDCs 
appear to have “lost” $250 million in DOD funding in the 
mid-1990s; the dollar decline is primarily attributable to 
the removal of FFRDC designation from the three labora- 
tories mentioned above. 


Research and Development Support 
by Type of Administering Organization 


FFRDCs Administered by Academic Institutions 

Universities and university consortia administered 19 
FFRDCs in 1995. (See appendix table 4-26.) R&D obliga- 
tions for these facilities totaled an estimated $3.6 billion 
in that year, with $2.0 billion provided by DOE, $1.1 bil- 
lion by NASA, $300 million by DOD, and $260 million 
from all other Federal agencies. 

Although the level of R&D funding has been relative- 
ly stable (in current dollars) during this decade, it 
should be noted that a 50-percent reduction in DOD 
funding was counterbalanced by an increase in support 
from NASA. 

Three university-administered FFRDCs have annual 
R&D funding levels exceeding $500 million. In 1993 
(the most recent year for which data are available), the 
Jet Propulsion Laboratory had R&D obligations equal- 
ing $742 million. This facility serves as NASA's princi- 
pal center for solar system exploration. The other 
two—Lawrence Livermore and Los Alamos—are 
national laboratories, both administered by the Uni- 
versity of California. In FY 1993, they had R&D obliga- 
tions of $705 million and $637 million, respectively. 
More than 80 percent of their R&D funding comes 
from DOE; DOD supplies about 15 percent. While R&D 
funding at Los Alamos has been relatively stable, sup- 
port of projects undertaken at Livermore fluctuated 
considerably during the 1990s. Three university-ad- 
ministered FFRDCs—Lincoln Laboratory, Argonne 
National Laboratory, and Brookhaven National Lab- 
oratory—had R&D obligations in the $200-million to 
$300-million range in FY 1993. 

NSF sponsors four university-administered FFRDCs. 


The largest of these is the National Center for Atmo- 
spheric Research (with FY 1993 R&D obligations of $56 
million). The other three, with combined FY 1993 obliga- 
tions of $65 million, are astronomy observatories.” 


FFRDCs Administered by Industrial Firms 

With the removal of FFRDC designation from three 
laboratories in the early 1990s, the number of industry- 
administered FFRDCs is down to six. DOE provided all 
but $300 million of an estimated $1.3 billion received by 
these facilities in 1995. 

Five of the six industry-administered FFRDCs are 
sponsored by DOE. The largest of these—and the largest 
of all FFRDCs in terms of 1993 R&D obligations—is 
Sandia National Laboratory. In FY 1993, it received an 
estimated $880 million in R&D obligations (DOD provid- 
ed about 20 percent of the total). The second largest 
industry-administered FFRDC is Oak Ridge National 
Laboratory with FY 1993 R&D obligations of $320 million. 
Both facilities are administered by subsidiaries of 
Lockheed Martin, and both registered 10-percent 
increases in R&D funding between 1992 and 1993. 
Although Sandia also had sizable funding gains between 
1989 and 1992, Oak Ridge recorded a fairly substantial 
decline between 1990 and 1992. 

Two industry-administered FFRDCs had their R&D 
activities cut by more than half between 1990 and 1993. 
The Idaho National Engineering Laboratory and the 
Savannah River Technology Center now spend less than 
$100 thousand annually on R&D. Before it was removed 
from FFRDC designation, Hanford also experienced a 
sharp decline in its R&D activity. All of these cuts reflect 
the fact that, for the first time in half a century, the 
United States is no longer manufacturing nuclear war- 
heads. For example, no new plutonium has been gener- 
ated at Savannah River since 1988. 

HHS sponsors one FFRDC. The National Cancer Institute 
(NCD Frederick Cancer Research and Development Center 
is administered by four different companies. This facility 
had just over $100 thousand in R&D obligations in 1993. 


FFRDCs /.dministered by Nonprofit Organizations 

The 15 FFRDCs administered by nonprofit organizations 
had an estimated total of $890 million in R&D obligations in 
FY 1995. Most of this support—nearly $500 million—was 
provided by DOD, which sponsors eight of these facilities. 
DOE contributed an estimated $350 million, and all other 
agencies contributed a little over $50 million. 

Most of the nonprofit-administered FFRDCs are much 
smaller than those operated by academic institutions and 
industrial firms. The two largest in terms of FY 1993 obli- 
gations were the C3Il (Command, Control, Communic- 
ation, and Intelligence) Center (administered by the 
MITRE Corporation) and the Aerospace Corporation, with 


29The National Radio Astronomy Observatory, the National Optical 
Astronomy Observatories, and the National Astronomy and 
Ionosphere Center 


R&D obligations amounting to $188 million and $150 mil 
lion, respectively. Both of these FFRDCs provide systems 
engineering and other technical support to DOD. 

Six of the nonprofit-administered facilities were given 
FFRDC designation in the late 1980s or early 1990s. The 
sponsoring agencies for two of these laboratories—the 
Federal Aviation Administration and the Internal Rev- 
enue Service—are new to the FFRDC business. 


Geographic Distribution of Research 
and Development Spending 


The economy has undergone major structural changes 
since the decades immediately following World War II, 
when an abundant supply of high-wage, low-skill manu- 
facturing jobs was the backbone of U.S. prosperity. For 
example, the diminishing number of well-compensated 
employment opportunities for individuals who lack post- 
secondary education or technical skills has been widely 
reported and documented and has captured the attention 
of policymakers and politicians at all levels of govern- 
ment. All-out efforts have been launched on several fronts 
to ease the transition from an economy largely dependent 
on workers’ physical contributions to one that will rely 
increasingly on their mental strengths and capabilities. 

State-level officials have been at the forefront in the 
quest for long-term solutions to the serious problems 
associated with blue-collar worker displacement. 
Economic revitalization is at the top of their agendas, 
and they have undertaken an array of strategies de- 
signed to fill the void left by declining traditional manu- 
facturing and agricultural industries that were once the 
major sources of livelihood for their states’ residents. A 
popular, nearly universal approach has been to imple- 
ment a number of programs and policies—many aimed 
at strengthening their states’ research and education 
infrastructure—as inducements to high-technology busi- 
nesses to locate in their jurisdictions. Recently compiled 
information on state-level initiatives shows a major boost 
in these activities in recent years. Before reviewing these 
data, it is important to examine the geographic distribu- 
tion of U.S. R&D investment—including levels of spend- 
ing by state and the research intensity of state 
economies—from a national perspective. Absolute levels 
of R&D performance are indicators not only of a state's 
current capacity to support S&T-based economic devel- 
opment but also, to a certain extent, of a state’s near- 
term potential to build on its S&T base. 


Leading States and Sector 
Performance Patterns 


R&D is substantially concentrated in a small number of 
states, a solidly entrenched configuration created by past 
public and private sector choices that were influenced by 
multiple economic and scientific considerations. 
Therefore, this historic pattern of concentration is unlike- 


ly to change in the foreseeable future. (See figure 4-15.) 

One-half of the $166 billion spent on R&D in the 
United States in 1993 was expended in six states— 
California, New York, Michigan, Massachusetts, New 
Jersey, and Pennsylvania. Add four more states— 
Maryland, Texas, Illinois, and Ohio—and the proportion 
jumps to two-thirds of the national total. In California 
alone, $34 billion, or one-fifth of all U.S. R&D funds, were 
spent. In each of the other nine leading states, R&D 
spending ranged between $6 billion and $11 billion. (See 
text table 4-8 and appendix table 4-27.) In contrast, the 
smallest 30 states collectively accounted for about $23 
billion, or less than 15 percent of the R&D conducted 
nationwide in 1993. 

In addition to geographic concentration, there is a high 
degree of stability among state rankings. For example, 
the 10 states with the highest R&D performance totals in 
1993 were also at the top of the list in 1975. There have 
been changes in some of the rankings, but these tend to 
be minor and mainly among those ranked below the top 
five. For example, between 1989 and 1993, the order of 
the five leading states stayed the same, but Maryland 
rose from 10th to 7th and Texas fell from 6th to 8th. 

Not coincidentally, states that are national leaders in total 
R&D performance also usually rank among the leading 
sites in industrial and academic R&D performance. (See 
appendix table 4-27.) Of the 10 states that lead in total R&D, 


@ All but Maryland ranked among the top 10 in indus- 
trial R&D performance—Washington (11th for total 
R&D) held the 10th slot; and 


@ All but New Jersey ranked among the top 10 in aca- 
demic R&D performance—North Carolina (18th for 
total R&D) is on the list instead. 


There is somewhat more variation in the distribution of 
Federal R&D performance. Although California ranks sec- 
ond, the other top spots were held by Maryland, the 
District of Columbia, and Virginia, ranking first, third, and 
fourth, respectively, in 1993. These positions reflect the 
concentration of Federal research facilities, such as NIH, in 
the Washington, D.C., metropolitan area. Alabama and 
Florida had the fifth and sixth-highest levels of Federal 
R&D expenditures in 1993. Undoubtedly, their strong show- 
ing in this category is attributable to the sizable presence of 
the space-related R&D programs conducted in those states. 

Among the top 10 states, California had the largest 
absolute increase in total R&D spending between 1989 
and 1993—$2.8 billion. This increase occurred despite a 
$5.4 billion decline in Federal R&D support to firms that 
perform R&D in California, a major source of worker dis- 
placement in that state. The decline in Federal R&D sup- 
port was more than offset by gains in the private sector. 
During this period, California firms’ R&D spending of 
their own funds rose by more than $8 billion. Much of 
this increase probably occurred in Northern California, 
which is famous for its Silicon Valley and for leading the 
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Figure 4-15. 
R&D expenditures, by in-state performance: 1993 
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See appendix tables 4-27 and 4-28. 


Nation in biotechnology research. 

Similar to California, Texas—which experienced the 
smallest percentage and absolute increases in R&D 
spending between 1989 and 1993—had a sizable decline 
($1.2 billion) in Federal R&D support between 1989 and 
1993. Unlike California, however, the increased industri- 
al R&D investment in this state was not large enough to 
offset the decline. 

Maryland had the highest percentage increase—46 
percent—in R&D dollars spent within its borders 
between 1989 and 1993. The gain was equally distributed 
between Federal and industrial performers—each rose 
about $1 billion dollars. One of the major factors driving 
this increase was the biotechnology industry. Proximity 
to NIH and other medical research facilities is a lure for 
many companies in this industry. 


¢ 431 


Total R&D spending 


) Lees than $0.5 billion 
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There is also stability among the states ranked 11th 
through 20th. Between 1989 and 1993, only one state 
was dropped and one state was added to the list. 
Missouri, which was ranked 14th in 1989, fell to 23rd in 
1993, and Colorado moved up from 21st to 15th. Other 
changes involved Virginia (which rose from 16th to 
13th) and Minnesota (from 17th to 14th). Among the 
states ranked 11th through 20th, Washington had the 
largest absolute increase and Colorado, the largest per- 
centage increase, in the 1990s. 
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NOTE: “All offer’ inctudes R&D performed in the 40 states not listed 
and in the District of Columbia, and R&D that could not be allocated to a 
specific location. 


SOURCES: Science Resources Stucies Division, National Science 
Foundation, Geographic Patterns. A&D in the United States. NSF 89- 
317 (Washington, OC: NSF. 1989); and appendix table 4-27. 
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Research and Development intensity 
of State Economies 


Just as the ratio of R&D expenditures to GDP is used to 
gauge a country’s commitment to R&D and measure the 
change in this commitment over time, the ratio of in- 
state R&D performnce to gross state product (GSP) can 
be used to measure the research intensity of states’ eco- 
nomic activity. Moreover, indicators that normalize for 
size of states’ economies tend to facilitate more meaning- 
ful comparisons between states. For the United States, 
the R&D/GDP ratio was 2.6 percent in 1993. Twelve 
states and the District of Columbia had R&D/GSP ratios 
above the national average in that year. (See appendix 
table 4-28.) 

Most states with relatively high R&D/GSP ratios are 
also among the leaders in terms of absolute levels of 
R&D expenditures. However, there are a few notable 
exceptions. For example, New Mexico—which ranks 
17th in total R&D spending—has the highest R&D/GSP 
ratio. In 1993, it was 8.0 percent. New Mexico's research 
intensity is largely attributable to the considerable 
Federal support provided to the two FFRDCs located in 
the state. 

Delaware is another state that is not among the largest 
in terms of R&D spending but that has a relatively high 
R&D/GDP ratio (4.9 percent in 1993). Delaware's high 
R&D/GSP ratio is a result of the chemical industry's com- 
paratively large in-state R&D activities. 

In contrast, California and New York, which lead the 
Nation in absolute dollars of total R&D performance, 
ranked only 7th and 19th, respectively, in terms of their 
economies’ R&D intensity, with ratios of 4.3 percent and 
2.2 percent, respectively. In 1993, there were 14 states 
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with less than $500 million in R&D activity and R&D/GSP 
ratios under 1 percent. (See figure 4-15 and appendix 
table 4-28.) 


State Coopera’ ve Technology Programs 

According to the most recent data, states spent a total 
of $385 million on Federal/State cooperative technology 
programs” in 1994, 22 percent more than in the previ- 
ous year (Coburn, 1995). (See text table 4-5.) These 
programs fall into a number of different categories, the 
largest of which consists of those that support the 
development or application of technologies to meet 
market or production needs. In 1994, a total of $127 mil- 
lion was allocated for such programs, including $105 
million to support technology development projects 
conducted at university-industry technology centers. 
Lesser amounts—ranging from $5 to $12 million—were 
used to finance university-industry research partner- 
ships, government-industry consortia, and equipment 
and facility access programs. 

The starting point for comparison among states has usu- 
ally focused on their educational institutions. For example, 
all 50 states have adopted initiatives to support and facili- 
tate public-private cooperation to develop and apply new 
technologies. Other types of state cooperative programs 
include technology (seed and venture capital) financing 
($102 million in 1994), related educational initiatives (S&3 
million), and industry problem solving (S60 inillion). 

Every state except Nevada, Rhode Island, and West 
Virginia provides financial support for at least one coop- 
erative technology program. In 1994, state funding levels 
ranged from a low of $80,000 in Mississippi to a high of 
$37 million in North Carolina. The latter provides sup- 
port to centers devoted to microelectronics and biotech- 
nology R&D and to its Research Triangle Institute and 
Alliance for Competitive Technologies. North Carolina 
added almost $12 million to its annual budget for cooper- 
ative technology programs between 1993 and 1994, a 46 
percent increase. 

In addition to North Carolina, 12 other states budgeted 
more than $10 million each for cooperative technology 
programs in 1994. (See figure 4-16.) These 13 states 
accounted for three-quarters of the 1994 total for all states. 
Included in this group were 6 of the 10 states with the 
highest absolute levels of R&D spending—Pennsylvania, 
Texas, Ohio, New York, New Jersey, and Michigan. The 
others are all in the top 20, with 2 exceptions: Georgia 
(which ranks 25th overall) and Kansas (36th). These two 
states also had relatively low R&D/GSP ratios, 1.0 percent 
and 0.8 percent, respectively, in 1993. 

Among the 13 states that spent the largest sums on 
cooperative technology programs, financial support 
between 1993 and 1994 doubled in two states— 
Connecticut and Maryland; it rose between 40 and 100 
percent in Georgia, North Carolina, and Michigan, and 
fell slightly in Texas and New Jersey. Also, between 1994 


See footnote 13. 
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and 1995, New York’s funding was expected to increase 
60 percent and Virginia’s was expected to fall 21 percent. 
In general, state S&T programs have weathered reces- 
sion-driven budget cuts rather well, especially given the 
fiscal difficulties facing most states in recent years. 


Experimental Program to Stimulate 
Competitive Research (EPSCoR) 


NSF pioneered the Experimental Program to Stimulate 
Competitive Research (EPSCoR) concept in 1979. The 
program was established in response to congressional 
concern about the geographic concentration of Federal 
funding of academic R&D. Universities in states designat- 
ed as EPSCoR states receive special, merit-based sup- 
port aimed at strengthening their capability to compete 
successfully for Federal R&D funds. Since 1979, other 
Federal agencies have adopted their own EPSCoR pro- 
grams with goals similar to those of NSF. In 1994, seven 
agencies spent a total of $65.7 million on EPSCoR pro- 
grams, up from $56 miilion in 1993 and $46.4 million in 
1992. NSF maintains the largest EPSCoR program, with 
expenditures totaling $31.9 million in 1994. (See text 
table 4-9.) 


Defense-Related issues 


Changes in U.S. defense policy—in terms of both strat- 
egy and funding levels—have been dominating front- 
page headlines since the end of the Cold War. Not only 


Figure 4-16. 
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is downsizing the military having an adverse impact on 
the economies of many communities throughout the 
country, but also defense-related S&T policies and pro- 
grams are undergoing transition. 

‘ithough the threat of a potential superpower con- 
frontation has diminished, other national security and 
economic considerations are now at the forefront, shap- 
ing U.S. defense posture. Current concerns include the 
country’s role in extinguishing regional conflicts, curtail- 
ing nuclear proliferation, monitoring the pace and stabili- 
ty of democratic reforms in former Communist countries 
and in developing nations, and maintaining military lead- 
ership in the international marketplace where competi- 
tion is driving the pace of technological change. 

To meet these and other challenges, policymakers 
have been rethinking DOD’s role in supporting S&T. In 
September 1994, DOD issued an updated version of its 
S&T strategy (Department of Defense, 1994). This state- 
ment confirms that technological supremacy remains the 
overriding goal of U.S. defense S&T policy, but it also 
includes two additional objectives—affordability and 
enhanced economic security—as factors determining 
S&T program priorities. Reduced defense budgets neces- 
sitate the careful targeting of limited R&D funds; hence, 
the inclusion of these additional goals which are also 
prominently featured in DOD’s recently published S&T 
management guidelines. (See Guiding Principles for 
Science and Technology Management.) 


See appendix table 4-28. 
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DOD has identified a number of examples that illustrate 
how the adoption of new goals is affecting the funding of 
S&T activities. Emphasis on affordability and cost-effec- 
tiveness is manifested in the designation of three DOD- 
wide S&T initiatives—information technology, sensors, 
and modeling and simulation—as high-priority programs. 
Advancements in each of these technologies have already 
proven their worth in real-world scenarios such as Desert 
Storm and other regional conflicts and hold great poten- 
tial for additional reductions in the cost of war in terms of 
both lives and equipment. 

The inclusion of enhanced economic security as a 
major goal in allocating defense S&T expenditures is pred- 
icated on the assumption that DOD dollars should not only 
buy the latest state-of-the-art technology for the military 
but should also, whenever possible, leverage and perhaps 
accelerate the private sector's development of new prod- 
ucts and services for the commercial marketplace. Thus, 
an all-out effort has been underway for the past few years 
to encourage and provide incentives (largely in the form 
of cost-sharing) for the public and private sectors to join 
forces to exploit promising technologies that have both 
defense and commercial applications. 

The latest DOD pronouncement on so-called dual-use 
technology identified three pillars of this strategy: invest- 
ment in R&D on dual-use technologies; dual produce, or 
integration, of military into commercial production; and 
insertion of commercial capabilities into military systems 
technologies. 

The total FY 1995 DOD investment in dual-use 
research is $2.06 billion, or approximately 25 percent of 
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the total DOD S&T budget.” This DOD research effort is 
concentrated in four focus areas: information technology 
($392 million); advanced materials ($295 million); 
advanced manufacturing ($563 million); and advanced 
simulation and modeling ($83 million) (Department of 
Defense, 1995a). 


"Basic research is not included in these dollar figures. 


The following are DOD’s recently issued guiding 
principles for science and technology management: 


(1) Transition technology to address warfare needs: 
@ ‘York with the warfighters; 


base: 

@ Develop dualuse technologies and processes; 

: @ Formalize each service’s program in dual-use; 
@ Sustain investments in priority technologies; 
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¢ Exploit commercial technologies; 

@ Strengthen technology transfer; and 

@ Develop field selected initiatives to apply 
technology to societal needs. 


(4) Promote basic research: 
@ Support quality basic research; 


@ Retain a critical mase of internal expertise; 


@ Strengthen project Reliance; 
@ Enhance the quality of staff and facilities; and 
¢ Monitor and collaborate in international science 


efforts (Department of Defense, 1994). 
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The centerpiece of these dual-use efforts has been the 
Technology Reinvestment Project. TRP is a multiagency 
effort led by the Advanced Research Projects Agency 
(DOD's central R&D organization). It is aimed at creat- 
ing public-private partnerships to develop technologies 
for new products and processes that meet both military 
and commercial needs. In its first call for proposals, 
TRP received 2,850 submissions requesting a total of 
$8.5 billion in Federal funds, roughly 17 times the 
amount available. In the first round, $654 million was 
actually awarded. In the second round of competition, 
39 out of 237 submitted proposals were funded, for a 
total of $188 million. After rescission, the 1995 funding 
level available for TRP was $208 million. The FY 1996 
budget request was $500 million. 

Within the broad array of dual-use technology pro- 
jects, areas of special strategic importance have been 
identified. These include electronics manufacturing, flat 
panel displays, microelectronomechanical systems, 
advanced composites for aircraft, integrated high-per- 
formance turbine engineering technology, rotocraft 
technology, high-density data storage systems, and 
wireless communications. 

Like the ATP, TRP has encountered political opposition 
in the 104th Congress. The most vocal critics have ques- 
tioned TRP’s relevance or are concerned that it repre- 
sents an attempt at industrial policy inappropriate for the 
Government in a free-market system. Because of this dif- 
ference of opinion on its usefulness, the future of TRP 
is uncertain. 


International Comparisons 


Absolute levels of R&D expenditures are indicators of 
the breadth and scope of a nation’s S&T activities.“ The 
relative strength of a particular country’s R&D effort is 
further indicated by comparison with other major indus- 
trialized countries. This section provides such compar- 
isons of international R&D spending patterns. The 
section contrasts performer and source expenditure pat- 
terns and reviews trend data. 

U.S. leadership in terms of its financial investment in 
R&D vis-a-vis other countries narrowed considerably dur- 
ing the past 2 decades; more recently there has been a 
worldwide slowing in the growth of such funds. While 
R&D patterns by sector are quite similar across coun- 


“The R&D data presented here for the major industrialized coun- 
tries are obtained from reports to the OECD, which is the most reliable 
source of such international comparisons. The United Nations 
Educational, Scientific, and Cultural Organization (UNESCO) reports 
the few estimates for developing countries derived from systematic 
R&D data collection. There is a fairly high degree of consistency in the 
R&D data reported by OECD. Differences in reporting practices 
between countries are estimated to affect the R&D/GDP ratios by no 
more than 0.1 percent (ISPF, 1993}. Data for countries reporting to 
UNESCO are often less comparable, principally because of differences 
in national statistical collection capabilities and definitions. In many 
such countries, however, there has been steady improvement in mak- 
ing these R&D statistics more internationally comparable over the past 
few years. 


tries, national sources of support differ considerably. 
Foreign sources of R&D have been increasing in practi- 
cally all countries. 


Research and Development 
Funding by Source and Performer 

The worldwide distribution of R&D performance is con- 
centrated in several industrialized nations.” Of the approx- 
imately $380 billion in R&D expenditures estimated for 
Organisation for Economic Cooperation and Development 
(OECD) countries, 90 percent is expended in just seven.” 
The United States accounts for roughly 44 percent of the 
industrial world’s R&D investment total  ..d continues to 
outdistance, by far, the research investments made by all 
other countries. Not only did the United States spend 
more money on R&D activities ia 1993 than did any other 
country, but also it spent more than the next four largest 
performers—Japan, Germany, France, and the United 
Kingdom—combined. Italy and Canada can also be consid- 
ered major R&D performers, accounting for 3 and 2 per- 
cent, respectively, of the OECD R&D total. (See appendix 
table 4-33.) In only four other countries—the Netherlands, 
Sweden, Spain, and Switzerland—do R&D expenditures 
exceed 1 percent of the OECD R&D total (OBCD, 1995). 

The largest seven R&D-performing countries (G7) are 
markedly similar in terms of which sectors undertake 
the R&D. Industry was the leading R&D performer in 
each of the seven; performance shares in the early 1990s 
ranged from a little more than 70 percent in the United 
States and Japan, to somewhat less than 60 percent in 
Italy and Canada. Industry's share ranged between 60 
percent and 70 percent in Germany, France, and the 
United Kingdom. (See figure 4-17 and appendix table 4- 
35.) The majority of industry's R&D performance was 
funded by industry itself in each of these countries, fol- 
lowed by government funding. Government's share of 
funding for industry R&D performance ranged from as 
little as 1 percent in Japan to about 20 percent in the 
United States and France.*! 

In most of the seven countries, the academic sector 
was the next largest R&D performer, followed by govern- 


“Although several developing countries have greatly expanded the 
level of national resources they devote to civilian research efforts, the 
overall financial impact of their efforts is small compared with those of 
the large industrialized countries. 

“Estimates are for 1993; see OPCD (1995). Note that these estimates 
are based on reported R&D investments converted to US. dollars with 
PPP exchange rates. (See appendix table 4-22.) Although PPPs are not 
equivalent to R&D exchange rates per se, they better reflect differ- 
ences in countries’ laboratory costs than do market exchange rates. 
See section, Purchasing Power Parities: Preferred Normalizer of 
International R&D Data (NSB, 1993, pp. 98-99). 

"The national totals for Europe, Canada, and Japan include the 
research component of general university funds (GUF) block grants 
provided by all levels of government to the academic sector. 
Therefore, at least conceptually, the totals include both academia’s 
separately budgeted research and research undertaken as part of uni- 
versities departmental R&D activities. In the United States, the Federal 
Government generally does not provide research support through a 
GUF equivalent, preferring instead to support specific separately bud- 
geted R&D projects. On the other hand, a fair amount of state govern- 


ment laboratories. Only in France and Italy was govern- 
ment’s R&D performance (which included spending in 
several nonprivatized industries, as well as in some siz- 
able government laboratories) slightly larger than that of 
academia. Government's R&D performance share was 
smallest in Japan and the United States, at about 10 per- 
cent of the total. 

Consistent with performing most of these countries’ R&D 
activities, the industrial sector provides the greatest propor- 
tion of financial support for R&D. Shares for this sector, 
however, differed substantially from one country to the 
next. Industry provided more than 70 percent of R&D funds 
in Japan; 60 percent in Germany; about 50 percent in the 
United States, the United Kingdom, and Itaiy; and some- 
what less in France and Canada. (See figure 417.) In each 
of these seven countries, government was the second 
largest source of R&D funding and also provided most of 
the funds used for academic R&D performance. Foreign 
funding—predominately from industry for R&D performed 
by industry—is an important and growing funding source 
in several countries. (See Foreign R&D in The United 
States in this chapter.) The R&D funding share represented 
by funds from abroad ranged from 12 percent in the United 
Kingdom to a mere 0.1 percent in Japan. In the United 
States, almost 7 percent of funds spent on R&D in 1993 are 
estimated to have come from majority-owned affiliates of 


ment funding probably does support departmental research at public 
universities in the United States. Data on departmental research, 
which is considered an integral part of instructional programs, general 
ly are not maintained by universities. U.S. totals may thus be underes 
timated relative to the R&D effort reported for other ountries 


Figure 4-17. 
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foreign firms investing domestically. This amount was up 
considerably from the 2-percent funding share provided by 
foreign firms in 1980.“ (See appendix iables 4-35 and 4-36.) 


Total Research and Development Trends 


Total R&D expenditures stagnated or declined in each 
of the largest R&D-performing countries in the early 
1990s. Indeed, for more than a decade, these G7 coun- 
tries have displayed similar aggregate R&D trends: sub- 
stantial inflation-adjusted R&D growth in the early 1980s, 
followed by a general tapering off in the late 1980s, and 
then level or declining real R&D expenditures into the 
1990s. For most of these countries, economic recessions 
and general budgetary constraints had the effect of slow- 
ing both industrial and government sources of R&D sup- 
port. In particular, both factors have contributed to the 
major reversal of R&D trends in Japan, where R&D 
spending has declined recently after experiencing infla- 
tion-adjusted gains of about 8 percent annually during 
the previous decade. The same is true for the United 
Kingdom and Italy, where real growth in the 1980s gave 
way to declining R&D expenditures after taking into 
account overall inflation. (See figure 4-18.) 

Additionally, geopolitical changes have resulted in cut- 
backs in government support for defense-related R&D 
that, in turn, have reduced reported national R&D growth 


“Unlike for other countries, there are no data on foreign sources of 
U.S. R&D performance. The figures used here to approximate such for- 
eign involvement are derived from the estimated percentage of U.S. 
industrial performance undertaken by majority-owned (that is, 50 per- 
cent or more) non-bank U.S. affiliates of foreign companies. 


R&D expenditures, by country, source, and performer: 1993 


NOTE Fornign performers are inctuded in the “industry” and ‘other domestics” sectors: 
Sae appendix wites 4.36 and 4-36 
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patterns in some countries, most notably in the United 
States and France. For Germany, the integration of the 
former East German science and technology system into 
that of West Germany’s market economy resulted in an 
apparent jump in the nation’s R&D effort in 1991, only to 
have since been scaled back in an effort to restructure 
and close inefficient, inappropriate, and redundant re- 
search institutions (Government of the Federal Republic 
of Germany, 1993; Meyer-Krahmer, 1992). 

The drop in Germany’s total R&D efiort is indicated by 
recent trends in its R&D-to-GDP rauo, a metric that is one 
of the most widely used indicators of a country’s commit- 
ment to scientific knowledge growth and technology 
development. (See figure 4-19.) In Germany, the ratio 
has fallen from 2.9 percent at the end of the 1980s, 
before reunification, to its current level of 2.5. This pat- 
tern is not, however, restricted to Germany. In the 
United States, R&D’s share of GDP similarly declined 
from 2.8 percent in 1991 to an estimated 2.4 percent in 
1995. In fact, the latest R&D/GDP ratio in each of the G7 
countries is no higher than the ratio reported at the start 


“The R&P data reported here for Japan generally are those adjusted 
by the OECD from the official Japanese staiistics in order to make them 
more comparable with international standards. In Japan, data for R&D 
personnel are expressed as the number of people working mainly on 
R&D rather than in terms of fulltime equivalent. Consequently, R&D 
labor cost data—and therefore total R&D expenditures—are overesti- 
mated by international standards. Based on estimates obtained from 
recent Japanese studies, the OECD reports adjusted Japanese R&D 
totals that are about 15 percent lower than the official R&D series. For 
example, the adjusted Japan R&D/GDP ratios reported here are 2.1 per- 
cent for 1981, 2.9 percent for 1990, and 2.7 percent for 1993. The unad- 
justed ratios are 2.3 percent for 1981, 3.1 percent for 1990, and 2.9 
percent for 1993. 


of the 1990s. In France, Germany, Japan, the United 
Kingdom, and the United States, R&D/GDP ratios appear 
to have drifted back from recent peaks to the 2.2- to 2.7- 
percent range. In Italy and Canada, which also have con- 
fronted economic and budgetary constraints, this ratio 
leveled off at about 1.3 and 1.5 percent, respectively. 

Moreover, the recent slowdown/decline in R&D 
spending is not confined to the OECD's largest industrial- 
ized countries. R&D growth during the 1990s in many of 
the smaller or less technologically advanced European 
countries has been slower than the growth reported for 
the 1980s. This is particularly true among Eastern 
European countries and the former Soviet Union, where 
the severe market and industrial adjustments necessitat- 
ed in transitioning to market economies have been 
accompanied by an even more severe downsizing of 
R&D activities (European Commission, 1994). 

Although such figures should be treated cautiously, 
the R&D/GDP ratio shown for Russia displays well the 
overall decline in the country’s indigenous R&D capa- 
bilities since the collapse of the Soviet Union. (See fig- 
ure 4-19.) As recently as 1990, R&D accounted for 
about 3.5 percent of Russia’s gross economic product 
(Dezhina, 1994). Perhaps two-thirds of that amount 
was expended in military laboratories, about 10 per- 
cent was directed toward basic research in a multitude 
of fundamental science fields, and most of the remain- 
der was classified as applied industrial research which 
overlapped with defense-related R&D (Schweitzer, 
1995). By 1992, government support for R&D had dwin- 
dled to less than 1 percent of GDP and nongovernmen- 
tal sources were generally unknown.” Indeed, 
according to the Russian Center for Science Research 
and Statistics (1995), the country’s total R&D-—calcu- 
lated according to OECD international standards— 
dropped from 2 percent of GDP in 1990 to 0.8 percent 
in 1992. Reflecting the lack of core budgets, entire 
research institutes have been closed—including many 
of the well-equipped laboratories of the former mili- 
tary-industrial complex—and an estimated 30 percent 
of all researchers have left for the commercial sector, 
for retirement, or for other reasons, including emigra- 
tion, since 1991. According to statistics released in 
1994 by the Russian Ministry of Science and 
Technological Policy, the overall R&D budget now rep- 
resents less than 0.5 percent of GDP (Schweitzer, 
1995). About two-thirds of the Federal budget appropri- 


“These trend statistics are taken from Dezhina (1994) and represent 
Federal budgetary expenditures on science as a percentage of GNP. 
These figures may be viewed as a rather comprehensive accounting of 
the Russian R&D total (up through 1992) since business enterprises— 
in other words, nongovernmental resources—accounted for only 0.1 
percent of total domestic R&D finances, and foreign R&D funding was 
not prevelent. Although there is some uncertainty as to the defense 
versus nondefense components of Russia's R&D total, as well as the 
more general question of what is being counted in these totals, the key 
point is undeniable: Federal Government R&D financing has been radi- 
cally reduced in the 1990s and other domestic sources of financing are 
practically negligible 
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See appendix tables 4-33 and 4-3¢. 


ations are now for civilian R&D, although about 40 per- 
cent of this nondefense R&D is performed within 
defense industries (Russian Center for Science 
Rescarch and Statistics, 1995). Furthermore, by the end 
of 1994, it is estimated that probably more than one-half 
of civilian R&D was financed from foreign sources. 


Nondefense Research 
and Development Trends 


With the end of the Cold War and the recent policy 
focus on economic competitiveness and commercial- 
ization of research results, probably a more relevant 
indicator of a nation’s scientific and technological 
strength is the ratio of nondefense R&D expenditures 
to GDP.” Intercountry comparisons of R&D expendi- 
tures change dramatically when defense-related 
expenditures are excluded. The nondefense R&D/GDP 
ratios of both Japan (2.7 percent) and Germany (2.4 
percent) considerably exceeded that of the United 
States (2.0 percent) in 1993 and have done so for 
years. (See figure 4-19 and appendix table 4-34.) The 
nondefense R&D ratio of France matched the ratio of 
the United States; the ratios of the United Kingdom 
(1.9 percent), Canada (1.5 percent), and Italy (1.3 per- 
cent) were somewhat lower. As with the total R&D 


“This is not to say that defense-related R&D does not benefit the com- 
mercial sector. There unquestionably have been technological spillovers 
from defense to the civilian sector. But almost as certainly, the benefits 
are less than if these same resources had been allocated directly to c \m- 
mercial R&D activities. Moreover, considerable anecdotal evidence indi- 
cates that the technological flow is now more commonly from 
commercial markets to defense applications, rather than the reverse. 
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ratios, the nondefense R&D-to-GDP shares were level 
or falling in the United States, Germany, and Japan 
during the early 1990s. 

In absolute dollar terms, the U.S. international position 
was markedly different—and comparatively more favor- 
able—than indicated by the nondefense R&D/GDP ratios. 
Between 1981 and 1993, growth in U.S. nondefense R&D 
spending was rather similar to growth in other industrial 
countries, save for Japan, whose nondefense R&D expen- 
diture growth was notably faster than that in the United 
States. Thus, as a percentage of the U.S. nondefense R&D 
total, comparable Japanese spending jumped from 42 per- 
cent in 1981 to 53 percent in 1993. (See appendix table 4- 
34.) During this period, Germany’s annual spending was 
equal to 26 to 30 percent of U.S. nondefense R&D spend- 
ing, while France’s annual spending was equivalent to 16 
to 18 percent, and the United Kingdom's annual spending 
was between 14 and 17 percent. In 1993, the combined 
nondefense R&D spending in these four countries 
equaled $119 billion (in constant dollars), somewhat 
greater than nondefense R&D spending in the United 
States ($106 billion in constant dollars). 


Government Focus 
by National Objective 


Numerous changes have been occurring domestically 
and worlc wide that have caused the R&D landscape to 
be in co: siderable flux. The most notable changes 
include tl e demise of the Soviet Union, the transition of 
Eastern European communist systems into market 


$2 


economies, 2a increase in international economic chal- 
lenges to the preeminence of U.S. competitiveness, pub- 
lic and private sector demands for budgetary austerity 
and accountability, and realignments within industry and 
at research universities. This means the ultimate deter- 
mination of Federal funding priorities—which are mir- 
rored in the functional focus of Federal R&D support—is 
subject to more than the usual political uncertainty. 


U.S. Funding Priorities 


Federal R&D funding priorities shifted overwhelming- 
ly toward defense programs in the 1980s; these included 
both DOD programs and nuclear weapons research fund- 
ed by the DOE.* Defense R&D spending peaked in 1987 
at $39 billion (inflation-adjusted 1987 dollars), when it 
accounted for 69 percent of the Federal R&D total. Since 
then, however, the data reflect a distinct de-emphasis on 
defense priorities as well as the current Administration's 
stated intention to shift the focus of Federal R&D support 
back to an even military-civilian split by 1998 (Clinton 
and Gore, 1993). (See figure 4-20 and appendix table 4- 
29.) Proposed Federal R&D funding for defense-reiated 
activities accounts for 53 percent of the 1996 total. 

Of the Federal nondefense functions, health—particu- 
lariy the R&D programs of HHS—experienced the largest 
inflation-adjusted R&D funding growth since the early 
1980s. In particular, AIDS-related research has grown 
substantially and now accounts for roughly 11 percent of 
Federal health R&D funds, which is second only to the 
16-percent share directed toward cancer research. 
Funding for space research has shown a bit of a roller- 
coaster pattern, dropping precipitously in the early 1980s 
and then rising rather steadily thereafter. Most of its 
R&D funding growth has been in support of Space 
Station Freedom.*’ 

Among the other major functional recipients of 
Federal R&D funding, energy displays the largest sus- 
tained decline in support and is currently funded about 
60 percent less (constant dollars) than at the start of the 


“The Office of Management and Budget (OMB) classifies all activi- 
ties within the Federal budget into 20 functional categories. The bud- 
get function classification system provides a means to classify 
budgetary resources according to the national need being addressed. 
There are 15 functions that contain Federal R&D programs. For defini- 
tions and details, see SRS (1996). Data reported here reflect estimates 
for R&D programs contained in the administration's 1996 budget pro- 
posal that was submitted to Congress in January 1995 (OMB, 1995). 
Notably, each specific activity is assigned to only one object code so 
that programs with multiple objectives will be classified only once 
under the program's primary functional objective. For example, except 
for those of the Army Corps of Engineers, all R&D activities sponsored 
by the DOD are classified as defense, even though some activities have 
secondary objectives such as health, space, or commerce (that is, 
defense couversion activities). Consequently, these totals are indica 
tive of trends but not necessarily conclusive. See recent GAO reports 
for a coverage of the Federal Government's total funding by function 
(GAO, 1995a; 1995b; 1995c). 

“Funding for the Space Station rose from $22 million in 1984, the 
first year for which this program received a separate budget line item, 
to $2 billion in 1994 (AAAS, 1994). 


1980s.** Research funding for general science pro- 
grams,*’ which include those of NSF and DOE, has fared 
no better—and has done relatively much worse—than 
that for many other major civilian budgetary categories 
during the past 15 years. (For agency-specific details, 
see Patterns of Federal R&D Support in this chapter.) 

The following five functions account for 89 percent of 
proposed 1996 R&D budget authority: 


@ National defense—53 percent, including DOD's tech- 
nologies support and DOE’s environmental restora- 
tion and waste management research; 


@ Health—17 percent, which is roughly comparable 
with the percentage of nonfederal R&D support that 
is health-related (see Health Continues to Absorb 
Increasing Share of National Research and Develop- 
ment Budget and figure 4-21); 


@ Space research and technology—11 percent; 
@ Energy—4 percent; and 
@ General science—4 percent. 


“For an extensive review of DOE's energy programs, inciuding their 
placement in a broader global context and in relation to industry's 
long-term energy R&D investments, see Department of Energy 
(1995b), informally known as the Yergin Report. 

“Research activities classified under this “general science” budget 
category are seen as contributing more broadly to the Nation's science 
and engineering base than are basic research programs that support 
agency missions. 


Federal R&D funding, by budget function 
Bilions of constant 1987 dollars 
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Health Continues to Absorb Increasing Share of National Research and Development Budget 


Data on the source and performance of health-relat- 
ed R&D have been collected annually by NIH 
(Department of Health: and Human Services, 1993). 
These tabulations are :nore comprehensive than the 
Office of Management and Budget function data pre- 
sented elsewhere, because NIH attempts to include 


@ Health-related components of all agencies’ R&D 
obligations, regardless of their formal budget func- 
tion classification; 


@ Expenditures from nonfederal government 
sources; and 


@ Health R&D data from private, nonfederal 
sources—primarily industry, but also nonprofit 
organizations such as the Howard Hughes Medical 
Institute. 


According to the NIH data, a total of $32.9 billion was 
spent on health R&D in the United States in 1994. (See 
appendix table 4-31.) This is estimated to be nearly 20 
percent of total U.S. R&D expenditures in that year. 
Health R&D, as a percentage of total R&D, has been 
increasing steadily since 1986; in that year, it was 
approximately 12 percent of total R&D expenditures. 
(See figure 4-21.) 

The private sector now provides most of the funding 
(56 percent) for health R&D in the United States. That 
was not always the case. Prior to 1992, the public sec- 
tor (including Fed. cal, state, and local government) 
was the leadinz suurce of funds spent on health R&D. 

In 1994, industrial firms and nonprofit organizations 
supplied an estimated $17.1 billion and $1.3 billion, 
respectively, for health-related R&D. Private sector 
health R&D funding more than doubled between 1988 
and 1994. Most of this increase is attributable to phar- 
maceutical and biotechnology companies’ R&D activi- 
ties, which have been expanding rapidly in recent 
years. (See Industrial Research and Development in 
this chapter.) 

The public sector provided an estimated $14.5 billion 
in funds for health R&D in 1994. More than 70 percent 
of this money ($12.3 billion) was supplied by NIH; state 
and local governments furnished $2.2 billion. 

About 20 percent of all Federal R&D money supports 
health-related activities, up from 13 percent in 1986. 
The increase in Federal support, however, has been 
lagging behind the increase in the private sector. 


Although Government support for health R&D 
increased steadily in the late 1980s and early 1990s (28 
percent in real terms between 1986 and 1992), the rate 
of increase slowed after 1992. In fact, Government 
health R&D investment did not keep pace with inflation 
between 1992 and 1994. 

In the United States, $9 out of every $10 spent on 
health R&D performed in the United States are used to 
finance work undertaken in private laboratories. Most of 
the R&D is performed by industrial firms (almost $14 bil- 
lion in 1994), followed by universities and colleges($10 
billion). Nonprofit organizations spent $2.7 billion in 
1994, slightly less than the total amount ($3.0 billion) 
spent in the public sector (mostly in NIH laboratories). In 
the late 1980s and early 1990s, industry increased its 
share of health-related R&D performance in the United 
States while the proportion conducted in the academic 
and Federal sectors fell during the same period. 


Figure 4-21. 
Funding of health R&D as a percentage 
of total R&D, by source 
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Two other functional areas of Federal concern each 
account for 3 percent of R&D budget authority and for 
most of the gain in the all-inclusive “other” category: (1) 
transportation, which is dominated by aeronautical 
research funded by NASA, and (2) natural resources and 
the environment. (See figure 4-20.) Environmental 
research, in particular, has been identified as an area of 
specific Government interest that has received increased 
funding from the present administration.” 

The largest single percentage increase for R&D in 
1996 was proposed in the Commerce and Housing 
Credit (CHC) function—jumping 15 percent over 1995— 
under which is included R&D support at NIST and com- 
prises both its intramural research program and 
extramural ATP support for precompetitive generic tech- 
nologies. Should NIST receive full funding of $720 mil- 
lion, the CHC function would account for 1 percent of all 
Federal R&D, or five times its 0.2-percent share held in 
1990. Current budgetary deliberations by the Congress, 
however, appear to reduce spending for a number of 
these activities and functions. 


international Comparisons 


A breakdown of public expenditures by major socio- 
economic objectives provides insight on governmental 
priorities, which differ considerably across countries.*! In 
the United States during 1994, 55 percent of the govern- 
ment’s $68 billion R&D investment was devoted to nation- 
al defense, compared with 45 percent in the United 
Kingdom (of the $9 billion government total), 34 percent 
in France (of the $14 billion total), and 10 percent or less 
each in Germany, Italy, Canada, and Japan. (See figure 
4-22.) Cutbacks in defense R&D are expected to continue 
in the United States, United Kingdom, and France. 

Another emphasis is health-related R&D. The U.S. 
Government devoted 17 percent of its R&D investment to 


“Available statistics on such funding, however, tend not to capture 
the full extent of these environmentally related R&D activities. Based 
on the programmatic budgetary classifications used in this section, 
$2.2 billion was slated for natural resources and the environment in fis- 
cal year 1996. Official budget documents (OMB, 1995)—not con- 
strained by formal classification schemes—reported an environmental 
R&D investment of more than $5.5 billion in 1996, which included $2.2 
billion for the U.S. Global Change Research Program. See also 
National Science and Technology Council (1995a and 1995b) for fur- 
ther discussion of recent administration efforts directed toward envi 
ronmental research and the development of a national environmental 
technology strategy. 

"Data on the socioeconomic objectives of R&D funding are rarely 
obtained by special surveys, but rather are generally extracted in 
some way from national budgets. Since these budgets already have 
their own methodology and terminology, these R&D funding data are 
subject to comparability constraints not placed on other types of inter- 
national R&D data sets. Notably, although each country adheres to the 
same criteria for distributing their R&D by objective (as outlined in 
OECD, 1981; 1994b), the actual classification may differ among coun- 
tries because of differences in the primary objective of the various 
funding agents. Note also that these data are of government R&D 
funds only, which account for widely divergent shares and absolute 
amounts of each country’s R&D total. The classification of the U.S 
totals presented here are generally consistent with those presented 
previously in this chapter. 
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1994 on health-related R&D; this emphasis is especially 
notable in its support for life sciences given to academic 
and similar institutions. The emphasis on life sciences and 
health-related research is much more pronounced in the 
United States than in other countries® and is reflected in 
research output trends. (See chapter 5, Academic Research 
and Development: Infrastructure and Performance.) 

Japanese and German government R&D appropria- 
tions in 1994 were invested relatively heavily (51 percent 
of the $18 billion and $15 billion totals respectively) in 
the advancement of knowledge (which is combined sup- 
port for advancement of research and general university 
funds, or GUF). Indeed, the GUF component of advance- 
ment of knowledge, for which there is no comparable 
counterpart in the United States, represents the largest 
part of government R&D expenditure in most countries.* 
Energy-related activities accounted for the second 
largest share of Japanese R&D support (21 percent of 
governmental R&D funds), reflecting the country’s con- 
cern with its high dependence on foreign sources of 
energy. In Canada, 12 percent of the government's $3 bil- 
lion R&D funding is directed toward agriculture. 

In each of the four European countries and Canacd2, 
industrial development accounted for 7 percent or more 
of governmental R&D funding, reaching 16 percent of 
Italy’s $8 billion government total. Industrial develop- 
ment accounted for 4 percent of the Japanese total, but 
just 0.6 percent of U.S. R&D. The latter figure—which 
may be understated relative to other countries as a result 


“For detailed comparisons—by field of science—of government 
(national, state, and local) funding of (1) academic research (including 
for separately budgeted research and research supported out of gener- 
al university funds) and (2) academically related research (such as 
that of university-administered FFRDCs and the NIH intramural pro- 
gram) in the United States, United Kingdom, Netherlands, France, 
Germany, and Japan, see Irvine, Martin, and Isard (1990). For further 
comparisons with Canada and Australia, see Martin and Irvine (1992). 
Note that trends in academic and academically related research should 
not be equated with basic research trends. 

“In the United States, advancement of knowledge is a budgetary cat- 
egory for research unrelated to a specific national objective. Further- 
more, whereas GUF is reported separately for Japan and European 
countries, the United States does not have an equivalent GUF category: 
Funds to the university sector are distributed among the objectives of 
the Federal agencies that provide the R&D funds. 

The treatment of GUF is one of the major areas of difficulty in mak- 
ing international R&D comparisons. In many countries other than the 
United States, governments support academic research primarily 
through large block grants that are used at the discretion of each indi- 
vidual higher education institution to cover administrative, teaching, 
and research costs. Only the R&D component of these GUFs are includ- 
ed in national R&D statistics, but problems arise in identifying how 
much the R&D component is and the objective of the research. 

Government GUF support is in addition to support that is provided in 
the form of earmarked, directed, or project-specific grants and con- 
uacts (and thereby can be assigned to specific socioeconomic cate- 
gories). In the United States, the Federal Government (although not 
necessarily state governments) is much more directly involved in 
choosing which academic research projects are supported than in 
Europe and elsewhere. Thus, these socioeconomic data are indicative 
not only of relative international funding priorities, but also of funding 
mechanisms and philosophies as to the best methods for financing 
research. For the 1993-94 period, the GUF portion of total national gov- 
ernmental R&D support was between 37 and 42 percent in Japan, Italy. 
and Germany, and between 14 and 21 percent in the United Kingdom, 
Canada, and France 
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Figure 4-22. 
Government R&D support, by country and socioeconomic objective: early 1990s 
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See appendix table 4-32. 


of compilation differences—has recently increased, 
reflecting the current Administration's programs that 
provide investment in commercially relevant R&D pro- 
grams—notably within NIST. 

These aggregate socioeconomic data, however, only 
begin to capture the extraordinary changes that have 
taken place in the international arena over the past sev- 
eral years and the resultant shifts in countries’ S&T poli- 
cy directions. According to a recent report released by 
the OECD (1994a), a number of commonalities among 
countries are worth highlighting: 


@ Governments clearly attach great importance to sci- 
ence and technology, but countries are finding it 
increasingly difficult to maintain previous funding 
levels in the face of economic problems. Budget allo- 
cations for large (expensive) S&T projects are partic- 
ularly vulnerable, thereby making international 
cooperation more attractive as an option; 


@ Many countries have shifted policy emphasis toward 
support for technology, with governments allocating 
funds to innovation in order to maintain economic 
competitiveness and stimulate growth; 


@ Governments have made serious efforts to streamline 
their R&D systems, have restructured administrative 
bodies and engaged in priority setting measures, and 
have increased emphasis on accountability; 


@ There is a growing emphasis on directing S&T toward 
meeting the needs of society. This is reflected in high- 
er expenditures for environmental and medical 
research; however, there generally has been a concur- 
rent decline in energy and transportation research: 
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@ Geopolitical upheavals in the early 1990s have engen- 
dered modifications in S&T policy as is reflected in 
declining defense R&D expenditures and a shift in 
the focus of international cooperation toward the for- 
mer Soviet bloc and countries of the Asia-Pacific 
region; and 


@ The increasingly knowledge-intensive economy has 
given rise to growing concerns about the adequacy of 
scientific education and technical training. 


internationalization of Research 
and Development and Technology 


Movement toward the internationalization—often 
termed globalization—of R&D activities has expanded 
considerably during the past decade. This growth is 
exhibited in each of the R&D performing sectors. Gains 
in cross-country academic research collaboration are 
indicated by the substantial increase in international co- 
authorships during the past decade. (See chapter 5, 
Academic Research and Development: Infrastructure 
and Performance.) In the public sector, the rise in inter- 
national cooperation has been rapid, and these activities 
now account for up to 10 percent of government R&D 
expenditures in some countries. Interactions with Asian 
countries p- ularly seem to be on the rise, and signifi- 
cant progr, nave been launched by Europe and the 
United States with countries of the former Eastern bloc, 
especially Russia. International collaboration in scientific 
research involving extremely large—megascience—pro- 
jects has also grown substantially, reflecting scientific 
and budgetary realities. Excellent science is not the 
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domain of any single country and many scientific prob- 
lems involve major instrumentation and facility costs that 
appear much more affordable when cost-sharing 
arrangements are in place. Additionally, some scientific 
problems, such as global change research, mandate an 
international effort.“ 

In the private sector, international R&D collaboration is 
also on the rise, as is indicated by the growth of formal 
cooperative partnerships between firms and of overseas 
R&D activities undertaken under contracts, through sub- 
sidiaries, and with the establishment of independent 
research facilities. Although the reasons for this growth 
are complex, generally it appears that multilateral industrial 
R&D efforts are a response to the same competitive factors 
affecting all industries: rising R&D costs and risks in prod- 
uct development, shortened product life cycles, increasing 
multidisciplinary complexity of technologies, and intense 
foreign competition in domestic and global markets. 


international Strategic Technology Alliances 


There is evidence of a sharp increase in transnational 
joint research funding throughout the industrialized 
world that began in the early 1980s and accelerated as 
the decade wore on.* Specifically, the number of known 
international multifirm R&D alliances grew steadily. In 
1973-76, there were 86 alliances; in 1977-80, there were 
177; in 1981-84, 509; and in 1985-88, there were 988 
(Hagedoorn, 1990). More recently tabulated data indi- 
cate a tapering off in the creation of new international 
technology alliances reported for the 1990s, but that—at 
least for several core technologies, such as information 
technologies, biotechnology, and new materials—firms 
apparently have not reached a saturation point in estab- 


“See Carnegie Commission (1992) for a review of recent trends in U.S. 
foreign S&T policy, including a summary of several indicators (for exam- 
ple, changes in State Department S&T staffing and the number of interna- 
tional S&T agreements). For a review of issues related to megascience, 
see OECD (1994a) and OTA (1995a). In particular, since 1992, OECD 
(1993) has sponsored an international Megascience Forum to coordinate 
and exchange information on megascience projects and programs. 

“For an extensive review of U.S. globalization trends in trade and 
investment, including business research and technology development, 
see recent Office of Technology Assessment reports (1993; 1994). 

“Information in this section is drawn from an extensive data base 
compiled in the Netherlands (Maastricht Economic Research Institute 
on Innovation and Technology's Co-Operative Agreements and Tech- 
nology Indicators data base—MERIT-CATI) on more than 10,000 inter- 
firm cooperative agreements involving thousands of different parent 
companies. In the CATI data base, only interfirm agreements that con- 
tain some arrangements for transferring technology or joint research 
are collected. The data summarized here extend by 4 years the infor- 
mation presented in Hagedoorn and Schakenraad (1993). These 
counts are restricted to strategic technology partnerships such as joint 
ventures for which R&D or technology sharing is a major objective, 
research corporations, joint R&D pacts, and minority holdings coupled 
with research contracts. 

CATI is a literature-based data base; its key sources are newspapers, 
journal articles, books, and specialized journals that report on business 
events. CATI's main drawbacks and limitations are that (1) data are lim- 
ited to activities publicized by the firm, (2) agreements involving small 
firms are likely to be underrepresented, (3) reports in the popular press 
are likely to be incomplete, and (4) it probably reflects a bias because it 
draws primarily from English-language materials. CAT! information 
should therefore be viewed as indicative and not comprehensive. 


lishing such R&D partnerships. For the period from 
1990-94, the total number of newly formed strategic 
alliances was at a level comparable with the number 
entered during the mid-1980s. (See appendix table 4-37.) 
As the numbers have increased, the forms of coopera- 
tive activity have changed somewhat. The most preva- 
lent modes of global industrial R&D cooperation in the 
1970s were joint ventures and research corporations. In 
these arrangements, at least two companies share equity 
investments to form a separate and distinct company; 
profits and losses are shared according to the equity 
investment.*’ In the second half of the 1980s and contin- 
uing into the 1990s, joint nonequity R&D agreements 
became the most important form of partnership. Under 
such agreements, two or more companies organize joint 
R&D activities to reduce costs and minimize risk, while 
pursuing similar innovations. The participants share 
technologies but have no joint equity linkages. 
Formation of these so-called strategic technology 
alliances (both equity and nonequity arrangements) are 
particularly extensive among high-tech firms; data are 
available for the three advanced technologies listed 
above.* Reflecting the general rise in importance of 
information technologies (IT) across industries and 
throughout society, growth in IT research alliances far 
outdistanced the growth related to biotechnology and 
materials. (See figure 4-23.) Between 1980 and 1994, 


‘Joint ventures are companies that have shared R&D as a specific 
company objective, in addition to production, marketing, and sales. 
Research corporations are joint R&D ventures with distinctive research 
programs. 

“For a review of strategic partnering trends in other technologies 
(chemicals, aviation/defense, automotive, and heavy electrical equip- 
ment), see Hagedoorn (1995). 
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more than 2,800 IT alliances were reported between 
firms involved in computer software and hardware, 
telecommunications, industrial automation, and micro- 
electronics. Internationally, the largest number of such 
relationships was between U.S. and European firms, 
although the number of intra-European alliances was 
also substantial. (See appendix table 4-38.) 


U.S. industry’s Overseas 
Research and Development 


Stiff international competition in research-intensive and 
high-technology products, as well as market opportuni- 
ties, have compelled U.S. industry to expand its overseas 
research activities.** There is little evidence, however, 
that much of the R&D undertaken abroad is meant to dis- 
place domestic R&D. Rather, the R&D that moves abroad 
tends to follow overseas production activities and is 
intended to support firms’ foreign business growth. For 
example, such research is typically directed toward sup- 
porting production facilities, customizing products to 
local market demands, and tracking and capitalizing on 
foreign technological advancements (OTA, 1994). 

Since 1985, U.S. firms generally increased their annual 
funding of R&D performed outside the country. (See 
appendix table 4-40.) Indeed, from 1985 to 1993, U.S. 

3’ investment in overseas R&D increased three times 
iver than investment in R&D performed domestically 
(9.3- versus 3.1-percent average annual constant dollar 
growth). Accounting for the equivalent of about 6 per- 
cent of industry’s domestic R&D funding in 1985, over- 
seas R&D now amounts to more than 10 percent of U.S. 
industry's on-shore R&D expenditures. (See figure 
4-24.) Additionally, according to data from the Bureau of 
Ecunomic Analysis (BEA), the majority-owned (i.e., 50 
percent or more) foreign affiliate share of U.S. multina- 
tional companies’ worldwide R&D expenditures 
increased from 9 percent in 1982 to 13 percent in 1990, 
where it remained through 1993 (Mataloni, 1995). 

R&D investment by U.S. companies and their foreign 
subsidiaries in the chemicals (including pharmaceuticals 
and industrial chemicals) industry accounts for the 
largest share and growth of this foreign-based R&D activ- 
ity. Indeed, drug companies accounted for almost 30 per- 
cent of total 1993 overseas R&D (89.8 billion), which was 
equivalent to 17 percent of the pharmaceutical industry's 
domestically financed R&D. (See figure 4-24.) Of other 
major R&D-performing manufacturers, recent trends 
(since 1990) show the overseas R&D investment share of 
total R&D financing rising considerably for scientific 
instruments, but declining for machinery and electrical 
equipment. In each of these cases, however, the funding 


“Companies consider several factors before undertaking R&D over- 
seas: market access and accommodation of local requirements are but 
two of these factors. Tax and regulatory policies, as well as the avail- 
ability of trained researchers and access to new scientific and techno- 
logical developments in other countries, also influence R&D location 
decisions. 
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shifts primarily reflect changes in industry classification 
of major R&D-performing firms rather than actual reduc- 
tions in total overseas R&D. 

Similarly, the combined total for all nonmanufacturing 
industries shows substantial increases in foreign R&D 
activity since 1985, rising from 0.4 to 7.0 percent in 1993. 
Part of this growth is indicative of increased internation- 
al R&D financing by firms historically classified as non- 
manufacturing industries (particularly computer, data 
processing, and architectural services). Part of the 
increase reflects the movement of firms previously clas- 
sified as manufacturers (for example, office computing 
companies) to service sector industries (for example, 
software development). 

Most of the U.S. overseas R&D is undertaken in 
Europe. As indicated by Bureau of Economic Analysis 
(BEA) data on majority-owned foreign affiliates of non- 
bank U.S. multinational companies, most of this 1993 
R&D total was performed in Europe—primarily 
Germany (23 percent of the U.S. overseas total), the 
United Kingdom (15 percent), France (9 percent), and 
Ireland (6 percent). Collectively, however, the current 
70-percent European share of the U.S. total R&D invest- 
ment abroad is considerably less than the 76-percent 
share reported as recently as 1991. Since the early 
1980s the U.S. R&D investment abroad has shifted more 
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generally away from Europe and Canada and toward 
Japan and other Asian countries. These shifts reflect, in 
part, an appreciation for, and a desire to take advantage 
of, the increase in S&T strengths underway in Asia.” 
(See figure 4-25.) 

By affiliate industry classification, more than one-half 
of the 1993 German-based R&D was performed by trans- 
portation equipment companies. In the United Kingdom 
and France, the chemicals industry accounted for the 
largest share of each countries’ respective totals, where- 
as in Ireland, the machinery industry performed most of 
this U.S.funded R&D. Canada accounted for 9 percent of 
U.S. companies’ 1993 R&D performed abroad, and 
Japan—which receives comparatively small amounts of 
foreign R&D funds—accounted for 8 percent.*! (See text 
table 4-10 and appendix table 4-41.) Notably, the U.S. 
R&D investment in Asian countries other than Japan has 
grown substantially. U.S. R&D spending in Singapore 
(primarily in machinery industries) and Indonesia (most- 
ly for petroleum-related research) now surpasses that in 
many European nations. 


Foreign Research and Development 
in the United States 


Since at least 1981, the percentage of industry R&D 
expenditures financed from foreign sources has risen 
considerably in each of the seven largest R&D-perform- 
ing countries, except Japan. Foreign R&D accounts for 
an estimated 12 to 18 percent of industry's 1992 total in 
France, the United Kingdom, and Canada and for 3 to 6 
percent of industry funds in Italy and Germany. 
According to OECD data (1995) on the 12 nations that 
compose the European Community,” the combined 
share of their industries’ R&D performance that is for- 
eign controlled has risen by more than one-half, from 
less than 5 percent in 1981 to more than 7 percent in 
1992. The foreign component of Japan's domestic indus- 


“For example, see chapter 6, Technology Development and Competi- 
tiveness, and reports on the recent growth in the indigenous S&T capaci- 
ties of several Asian countries (SRS, 1993; 1995c) 

'These overseas R&D country shares are from the BEA survey on 
U.S. Direct Investment Abroad, not the NSF data series from which 
industry-specific shares are taken. The definition used by BEA for R&D 
expenditures is from the Financial Accounting Standards Board 
Statement No. 2; these expenditures include all charges for R&D per- 
formed for the benefit of the affiliate by the affiliate itself and by others 
on contract. BEA detail are available for 1982, and annually since 1989 
NSF reports a 1993 overseas R&D total of $9.8 billion; BEA estimates 
overseas R&D expenditures by U.S. companies and their foreign affili- 
ates at $11.0 billion. 

“For countries other than the United States, the data in this section 
are taken from OECD (1995). The foreign-sourced R&D data for the 
United States come from an annual survey of Foreign Direct Invest- 
ment in the United States conducted by BEA. BEA reports that the for 
eign R&D totals are comparable with the U.S. R&D business data 
published by NSF. Industry-specific comparisons, however, are limited 
because of differences in the industry classifications used by the two 
surveys (Quijano, 1990) 

“These countries are Belgium, Denmark, France, Germany 
Greece, ireland, Italy, Luxembourg, the Netherlands, Portugal, Spain. 
and the United Kingdom. See also OPCD (1995) for a discussion of 
international R&D investment trends 


trial R&D performance has held steady during the 
1981-93 period at only about 0.1 percent. (See figure 
4-26, and the section on Research and Development 
Funding by Source and Performer.) 

Like U.S. firms’ overseas R&D funding trends, R&D 
activity by | sreign-owned companies in the United States 
has increz:ed significantly since the early 1980s. From 
1980 to 19 33, inflation-adjusted R&D growth from foreign 
firms (U.S. affiliates with a foreign parent that owns 10 
percent or more of the voting equity) averaged 12 per- 
cent per year, or more than three times the rate of 
growth in domestic R&D activities by U.S. companies (3.9 
percent). Using a more restrictive definition of foreign 


“BEA considers all of an investment (including R&D) to be foreign if 
10 percent or more of the investing U.S.-incorporated firm is foreign 
owned. (See appendix table 4-38.) Special tabulations were prepared 
by BEA to reveal R&D expenditures in the United States of those firms 
in which there is majority foreign ownership—i.e., 50 percent or more. 
For 1993, the 10-percent foreign ownership threshold results in an esti- 
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Text table 4-10. 
R&D performed overseas for majority-owned foreign affiliates of U.S. parent companies, by selected country and 
industry of affiliate: 1993 


All Manufacturing Electrical Transportation Nonmanu- 
Millions of dola:s ——— — — 

ee 10,954 9,173 2,829 1,791 782 2,496 1,781 
Canada .................. 1,030 841 224 D 76 226 189 
Europe................... 7,550 6.621 2,040 1,080 496 2,105 929 
Belgium. ............... 460 370 329 5 5 8 90 
0 ee 942 781 518 49 41 27 161 
Germany ............... 2,56° 2,429 329 219 143 1,428 139 
Wweland................. 669 D D 574 D 0 D 
less een eon See 644044 304 260 135 17 D D 44 
Netherlands............. 392 D 63 6 D 4 D 
eee 321 313 D 3 33 D 8 
United Kingdom .......... 1,639 1,409 543 183 46 383 230 
Asia and Pacific............. 1,943 1,340 450 450 180 61 603 
eee 862 682 361 62 123 6 180 
Australia................ 176 157 49 14 10 D 19 
Singapore............... 312 291 D 264 14 0 21 
Western hemisphere ......... 384 333 103 D 13 103 51 
Mi nbeceseceocceucess 220 216 45 26 6 93 4 
Middie East................ 29 23 é 3 17 0 6 
See 18 15 - 2 0 1 3 


D = withheld to avoid disclosing operations of individual companies 


NOTES: includes foreign direct investments of nonbank U S._ affiliates only. inciudes R&D expenditures conducted by and for the foreign affiliates. Excludes 
expenditures for R&D conducted for others under a contract. Expenditures differ from those reported from NSF in appendix table 4-41. 


SOURCE: U.S. Bureau of Economic Analysis (BEA), U.S. Direct investment Abroad (Washington, DC: BEA, ongoing series) 
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ownership in which the foreign parent owns 50 percent 
or more of the voting equity makes little difference in the 


aggregate trends. U.S.-performed R&D by such firms Figure 4-26. 
grew on average by about 12 percent annually from 1980 industry domestic R&D performance 
a, ad . ’ nanced from foreign sources, by country 
through 1993. (See figure 4-26.) 
Much of this foreign R&D growth occurred since the Percent 
mid-1980s, just as U.S. firms’ domestic R&D investments 20 - 7 
were beginning to slow. As a result, foreign R&D was 7 
equivalent to 12 percent ($14.6 billion) of total industrial | oe. oN ee 
R&D performance in the United States in 1993—or dou- | \ Coney | 
ble that of its equivalent 6-percent share in 1985. 6 | ; \.. 7 Ringgom: | 
Majority-owned affiliates accounted for 10 percent ($11.6 | ’ , | | 
billion) of the U.S. 1993 industrial performance total. Fn 
Alternatively. as a percentage of total foreign and U.S 10 / ; 
firms’ industrial R&D funding, foreign companies of | — | 
accounted for 15 percent in 1993 (majority-owned affili- Tiare aly 
ates accounted for 12 percent) compared with 9 percent : "  ogit"le oe oe 
in 1985. Although the R&D flows from Canada and other Sf] wy: 7 United : 
European countries also increased steadily over the past | States 
decade, 80 percent of this foreign funding came from five Germany .-°° 
countries—Japan, Switzerland, the United Kingdom, | seesonnnse seen jones 
0 


Germany, and France. Swiss and Japanese firms in- 
creased their R&D investment in the United States more 


1981 1983 1985 1987 1989 1991 1993 


rapidly than did companies from the other nations. At NOTES For United States toreign erpenditures are trom companies 
with at least 50 percent fore:gn ownership 
mated 514.6 billion foreign RAD investment total. RAD expenditures of See appendix table 4-39 Science & Engineering indicators - 1996 


majority-owned LS. affiliates of foreygn companies were 811.6 billion 
(See appendix table 4-40.) 
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U.S. Research Facilities of Foreign Firms 


The rapid growth in foreign R&D expenditures in the 
United States has been accompanied by a burgeoning 
establishment of R&D facilities here by foreign compa- 
nies. Accor_ing to a 199? survey of 255 foreign-owned 
free-standing R&D facilities in the United States, about 
one-half had been established during the previous 6 
years (Dalton and Serapio, 1993).* In a recent update to 
this study (Dalton and Serapio, forthcoming), the 
authors characterize the activities of 635 U.S. R&D facili- 
ties of more than 300 European, Japanese, and other for- 
eign companies. Significant findings of this study follow: 


@ R&D facilities of Japanese firms outnumber those of 
all other countries. Japanese companies owned 219 
R&D facilities in the United States; British compa- 
nies owned 109; German companies owned 95 facil- 
ities; and French companies owned 52 facilities. 
South Korean companies owned 26 facilities in 
1994. (See text table 4-11.) 


@ The activities of these foreign facilities were highly 
concentrated in the biotechnology (111 facilities), 
chemicals and rubber (109), automotive (53), and 
computer software (41), computer (39), and semi- 
conductor (35) industries. 


@ Foreign R&D facilities were heavily concentrated in 
selected areas of the country, notably California’s 
Silicon Valley and greater Los Angeles; Detroit; 
Boston; Princeton, NJ; and North Carolina’s 
Research Triangle Park. 


¢@ The most important reasons cited for Japanese for- 
eign R&D investment in the United States were to 
acquire technology, to keep abreasi of technologi- 
cal deve!opments, and to assist the parent company 
in meeting U.S. customer needs. 


@ Most of the basic research conducted by foreign 
companies in the United States is in pharmaceuti- 
cals and biotechnology. 


*These counts are for only those facilities (R&D center, R&D 
company, or R&D laboratory) that are 50 percent or more owned by 
a foreign parent company. An R&D facility typically operates under 
its own budget and is located in a free-sianding structure outside of 
and separate from the other U.S. facilities (e.g., sales and manufac- 
turing facilities) of the parent. This definition of an R&D facility con- 
sequently excludes R&D departments or sections within U.S. 
affiliates of foreign-owned companies. 


Text table 4-11. 
U.S. R&D facilities of foreign companies, by selected industry and country: 1994 
United Switzer- South  Nether- 
Industry Total Japan Kingdom Germany France land Korea lands Sweden Other 
Millions of dollars LL 
Total. ........ .... 635 219 109 95 52 45 26 26 22 41 
Computers . . 39 22 0 4 0 0 7 3 0 3 
Software..... 41 25 6 4 3 0 1 1 0 1 
Semiconductors. .... a 35 19 0 3 0 0 10 3 0 0 
Telecommunications ..._ . . 29 14 2 4 2 1 1 0 2 3 
Opto-electronics ........ 20 11 2 3 0 0 0 0 1 3 
HDTV, other electronics ..... 71 33 10 9 4 5 3 4 0 3 
Drugs, biotechnology . . . ae bh 22 23 18 11 17 1 5 5 “4 
Chemicals, rubber, materials 109 23 19 28 17 10 0 4 0 8 
Metais ........ - 15 5 3 1 4 1 0 0 1 0 
Automotive -obeeeuees 53 34 1 11 2 0 3 0 2 0 
Machinery... __. ree 22 7 4 2 3 0 0 0 6 0 
Instrumentation, controls .. . 40 1 23 3 5 4 0 3 1 0 
Foods, consumer goods, misc 53 7 19 6 2 6 0 5 1 7 


NOTE: Sum of industry detail may not add to country totals because of cross-industry R&D at facilities 
SOURCE: D.H. Dalton and M.G. Sherapio, Jr. U.S. Research Facilities of Foreign Companies (Washington. OC Department of Commerce, Technology 


Administration Japan Technology Program, 1995) 
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Text table 4-12. 
R&D performed in the U.S. by affiliates of foreign companies, by selected country and industry of affiliate: 1993 
Serer 
All Drugs and Other Electrical Service 
, Total i ominein thie | , ll 
Millions of dollars 

GE, 6 eb beddceees <axosvexs 14,618 12,008 3,843 2,782 1,017 2,262 613 1,110 
Europe................... 9,671 8,173 3,192 1,674 472 1,359 553 614 
France .................. 1,204 1,135 337 S 511 B 46 45 
Germany................. 2,321 2,147 1,168 A 134 560 124 2 
Netherlands............... 691 459 - D D D 17 
Switzerland............... 2,524 2,107 1,640 27 219 B D D 
United Kingdom............ 2,295 1,944 D 53 93 216 132 
GD oc cccccccccccceses 2,190 2,084 D 12 D 8 D 
Asia and Pacific............. 1,972 1,237 D 513 D 51 299 
MN 6.0 500-640864460%00% 1,781 1,121 84 486 228 36 293 
Latin America ........... 635 454 D 15 3 1 D 
Middie East......... eaeee 39 D 0 2 3 ‘ 2 


A = funds included with “Di vgs and medicines”, B = funds included with “Machinery”; D = withheld to avoid disclosing operations of individual companies. 


* = less than $500,000 


NOTES: Includes foreign direct investments of nonbank U.S affiliates only. Includes R&D expenditures conducted by and for the foreign affiliates. Excludes 
expenditures for R&D conducted for others under a contract. Expenditures differ from those reported from NSF in appendix table 4-40 


‘includes computer and data processing services ($477 million) and accounting, research, and management services ($546 million) 
SOURCE: U.S. Bureau of Economic Analysis, Foreign Direct investment in the United States: Operations of U S. Affiliates of Foreign Companies, unpublished 


preliminary tabulatons 


least part of the significant expansion of these foreign 
R&D expenditures in the United States is attributable to 
several major acquisitions by foreign multinational com 
panies of U.S. firms, particularly of U.S. pharmaceutical 
and biotechnology firms with large R&D budgets 
(See U.S. Research Facilities of Foreign Firms and text 
table 4-11.) 

foreign-funded research was concentrated in three 
industries in 1993—industrial chemicals (funded pre 
dominantly by German and Canadian firms), drugs and 
medicines (mostly from Swiss and British firms), and 
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electrical equipment (one-third of which came from 
German and Japanese affiliates). These three indust-ies 
accounted for three-fifths of the $14.6 billion totai 1993 
foreign R&D investment Concurrent with gains reported 
for all domestic U.S. R&D performance, foreign—particu 
larly Japanese—R&D investment in the service sector 
has also risen considerably. These industries accounted 
for & percent of the 1993 foreign R&D investm total 
with most research being funded in computer, data pro 


cessing, and research and m nagement services. (Se 
text table 4-12 and appendix tables 4-47 and 4-43 
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HIGHLIGHTS 


FINANCIAL INFRAS! RUCTURE 
@ The 1980s and the first half of the 1990s 


showed a continuing trend—observed over the 
past several decades—toward an increasing role 
for academic performers in total U.S. research 
and development (R&D). From 1980 to 1995, aca- 
demic performance rose from just above $6 billion to 
an estimated $21.6 billion (in current dollars), 
increasing from a 9.8-percent share to a 12.6-percent 
share of total U.S. R&D performance. ‘she academic 
sector continues to be the largest performer of basic 
research in the United States. 


During the 1984-94 period, average annual 
growth was much stronger for the academic 
sector than for any other R&D-performing sec- 
tor. The estimated average annual growth was 5.8 
percent, compared with about 2.8 percent for federal- 
ly funded research and development centers 
(FFRDCs) and other nonprofit laboratories; 1.4 per- 
cent for industrial laboratories; and 0.7 percent for 
Federal laboratories. The academic sector is the only 
one for which real growth is estimated between 1994 
and 1995. 


The Federal Government continues to provide 
the majority of funds for academic R&D. In 1995, 
it provided an estimated 60.2 percent of the funding 
for R&D performed in academic institutions; this fell 
from 67.6 percent in 1980. In the 1991-95 period, and 
for the first time since 1978-80, Federal support grew 
faster than nonfederal support for 2 or more consecu- 
tive years. 


Federal obligations for academic R&D are con- 
centrated in three agencies: the National In- 
stitutes of Health (53 percent), the National 
Science Foundation (15 percent), and the De- 


partment of Defense (12 percent). 


@ The number of universities and colleges receiv- 


ing Federal R&D support increased significantly 
during the past decade. In 1993, 875 academic 
institutions received R&D support from the Federal 
Government, compared with 621 in 1981. 


@ After the Federal Government, the academic 


institutions performing the R&D provided the 
second largest share of academic R&D support. 
From 1980 to 1995, the institutional share grew from 
13.8 percent to an estimated 18.1 percent of academic 
R&D expenditures. 


¢ Industrial R&D support to academic institutions 


has grown more rapidly than support from 
other sources since 1980. In constant dollars, 
industry-financed academic R&D increased by an 
estimated 250 percent from 1980 to 1995. Industry’s 
share grew from 3.9 percent to an estimated 6.9 per- 
cent during this period. 


PHYSICAL INFRASTRUCTURE 
@ Total academic science and engineering (S&E) 


research space increased by almost 14 percent 
between 1988 and 1994, from about 112 mil- 
lion to 127 million net assignable square feet. 
When completed, construction projects initiated 
between 1986 and 1993 are expected to produce 43 
million square feet of new research space and 43 mil- 
lion square feet of renovated research space. 


Only modest changes in the condition of aca- 
demic S&E research facility space occurred 
between 1988 and 1994. The percentage of 
space available for use in the most scientifically 
sophisticated research increased (from 24 to 26 per- 
cent); the percentage effective for most uses, except 
the most scientifically sophisticated, declined (from 
37 to 53 percent), the percentage of space needing 
limited repair/renovation remained about the same 
(23 percent), and the percentage requiring major 
repair/renovation or replacement increased (from 16 
to 17 percent). 


Expenditures for academic R&D instrumenta- 
tion in U.S. research universities began declin- 
ing recently. It followed a pattern of large increases 
in investment throughout most of the 1980s. 
Constant dollar expenditures for academic research 
instrumentation averaged 8.5 percent annual growth 
between 1983 and 1989. This trend later reversed, 
and the level of support averaged a 7 percent annual 
decline between 1989 and 1993. Annual research 
equipment expenditures, as a percentage of total 
R&D expenditures, declined from 7.2 percent in 1986 
to 5.2 percent in 1993. 


Over 96 percent of S&E Ph.D. faculty with 
research as their primary activity had access to 
a personal computer, and 87 percent rated 
their personal computers as “good” or “very 
good.” About 71 percent also had access to both cen- 
tralized computer facilities and networks with other 
institutions that were rated as “good” or “very good.” 


HUMAN INFRASTRUCTURE 


¢ 


Full-time employment of doctoral scientists and 
engineers in traditional faculty ranks—full, 
associate, and assistant professor, plus instruc- 
tor—was essentially static since the late 1980s 
and stood at 172,000 in 1993. Growth in other 
positions slowed markedly after 1989, following 
annual increases of about 3 percent during the 1980s. 
Total employment in 1993 stood at 213,000. 


Most faculty with heavy time investment in 
research had teaching responsibilities. About 
one-third of them taught undergraduates in the fall of 
1992; the others taught graduate courses. The institu- 
tional setiting—research universities versus other 
types of academic institution—had little effect on 
these patterns. 


The number of doctoral scientists and engineers 
with research as their primary or secondary 
work responsibility rose rapidly through the 
1980s, but in 1993 their number stood at about 
150,000—roughly the same level as in 1989. 


The aging of the academic research workforce, 
observed since the early 1970s, has ceased. The 
proportion of researchers who had obtained their doc- 
torate within 3 years of the survey declined steadily 
from 24 percent in 1973 to 14 percent in 1989, where 
it has stabilized. Trends for total employment and for 
those in traditional faculty positions are similar. 


The gradual replacement hiring suggested by 
these data for the 1990s contrasts with the pre- 
ceding decade, when the number of full-time 
faculty positions increased at a fairly steady rate 
and when smaller numbers of doctorates were 
awarded than in recent years. 


About 46,500 female doctoral scientists and 
engineers worked in academia in 1993. Female 
employment figures grew steadily in the 1970s 
and more than doubled from 1981 to 1993. 
The number of females active in academic R&D 
tripled from 1979 to 1993, when it stood at 30,500 (or 
about 20 percent of all academic researchers). 


Although the overall number of black, Hispanic, 
and Native American researchers increased, it 
remained low. In 1993, their combined academic 
employment—10,800—was about 5 percent of the 
total, the same as their fraction of academic 
researchers. The slowly increasing share of under- 
represented minorities in academic employment 


roughly reflects their Ph.D. conferral rates. 
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About 21,000 Asians held academic positions 
in 1993. They constituted 10 percent of aca- 
demic employment—up from 8 percent in 
1979—and 12 percent of all academic re- 
searchers in 1993. Their share of academic 
researchers consistently has been about 2 percent- 
age points above their employment share. 


In 1993, about 16,000 nondoctoral scientists 
and engineers reported that research was their 
primary or secondary work activity. Two-thirds of 
them held professional degrees, often combined with 
a master’s degree. The majority worked in the life 
sciences or in engineering. 


In 1993, about 27 percent (or 89,729) of all 
full-time graduate students in science and engi- 
neering received primary support from re- 
search assistantships, roughly half of which 
were federally funded. 


Thirty-eight percent of academic doctoral scien- 
tists and engineers reported receiving support 
from the Federal Government in the spring of 
1993. Life sciences (53 percent) and environmental 
sciences (52 percent) had the highest support rates; 
mathematics (21 percent) and the social sciences (15 
percent) had the lowest. 


More researchers in 1993 than a decade earli- 
er reported relying on multiple Federal agen- 
cies for support. Twenty-five percent of those with 
Federal Government support in 1993 reported receiv- 
ing funds from more than one agency. 


ARTICLE OUTPUTS 
@ The United States contributed about one-third 


of the world’s 414,000 articles appearing in a 
set of nearly 4,000 international, peer-reviewed 
natural science and engineering journals; about 
70 percent of the U.S. articles had academic 
authors. Western Europe’s combined share roughly 
equaled that of the United States. Contributions from 
Asian nations, reflecting strong growth in Japan, 
China, and the rapidly industrializing nations, rose to 
15 percent of the world’s total. 


National science portfolios differ among coun- 
tries. Compared with the world average, the United 
States places relatively more emphasis on clinical 
medicine, biomedical research, and earth and space 
sciences and relatively less emphasis on chemistry 
and physics. Major European nations show relatively 
more emphasis on chemistry and physics and less on 
the medical and life sciences. A similar but more inten- 
sified pattern is present in Asian nations, along with a 
strong emphasis on engineering and technology. 
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¢ A pronounced worldwide tendency exists to- 


ward greater collaboration in scientific re- 
search. This has been accompanied by a marked 
increase in collaboration across national boundaries. 
In 1993, roughly half of all journal articles worldwide 
had multiple authors, and about one-quarter of these 
involved coauthorship across national boundaries. 


International scientific collaboration centers, to 
a remarkable degree, on the United States. For 
example, roughly 20 to 25 percent of internationally 
coauthored European papers involved U.S. authors. 
In Japan, India, and China, the proportion of papers 
involving U.S. authors ranged between 30 and 45 per- 
cent; for the rapidly industrializing nations of Asia, it 
approached half. In contrast, no single country’s 
authors exceeded 12 percent of internationally coau- 
thored U.S. papers. 


Scientific and engineering research in the 
United States has increasingly involved investi- 
gators from different employment sectors. Just 
under one quarter (23 percent) of all academic 
papers in 1993 involved authors from one or more 
other sectors: 8 percent each from the Federal 
Government and nonprofit institutions, 5 percent 
from industry (double the 1981 percentage), 3 per- 
cent from FFRDCs, and 2 percent from other sectors, 
including state government. 


Citations of scientific and technical literature in 
patent awards increased to almost 50,000 in 
1993-94 (a threefold rise from 1987-88). 
Roughly half of the references were to papers from 
academic institutions, and one quarter were to indus- 
try papers. About two-thirds were to articles on 
biomedical research and clinical medicine. 
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@ The frequency of citations served as a rough 


indicator of the perceived usefulness of a coun- 
try’s articles to scientists elsewhere. The United 
States’ share of citations exceeds its share of publica- 
tions, and in virtually all other countries’ journals, 
U.S. articles are cited more heavily than the domestic 
literature. It appears fair to conclude that U.S. scientif- 
ic and technical articles are found quite useful by sci- 
entists worldwide. 


ACADEMIC PATENTING 


@ In 1994, patents awarded to U.S. academic 


institutions continued their rapid increase, with 
1,761 patents awarded, compared with only 
434 a decade earlier. The academic sector’s share 
of all U.S. patent awards rose to 3 percent from less 
than half that in 1991 and from 1 percent in 1980. 


In 1994, only three patent-use classes, all 
related to biomedical activity, accounted for 25 
percent of all academic patents, compared to 7 
percent in 1980. 


More and more academic institutions are 
receiving patents, and the 100 largest 
research universities account for a large and 
growing share. These universities, which account- 
ed for roughly 80 percent of total academic R&D 
expenditures, received about 90 percent of all aca- 
demic patents. 


Income from royalties and licensing agree- 
ments, while still modest compared with R&D 
expenditures, increased steeply in recent years 
and was approximately $242 million in 1993. 
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introduction 


Chapter Background 


Academic research and development (R&D) and sci- 
ence and engineering (S&E) educational activities are a 
significant part of the national R&D enterprise. The aca- 
demic sector now accounts for an estimated 12.6 percent 
of national R&D expenditures. It is also the largest per- 
former of U.S. basic research, accounting for about 49 
percent of national basic research expenditures. Forty- 
six percent of doctoral scientists and engineers are 
employed by the Nation’s universities and colleges, and 
they produce 71 percent of the United States—and 24 
percent of the world’s—scientific and technical articles 
published in major peer-reviewed journals. This chapter 
addresses the following four principal aspects of aca- 
demic R&D: 


@ Financial infrastructure—academic R&D in a national 
context; sources of funding; allocation of funds 
across both institutions and S&E fields; the Federal 
Government's funding role and objectives; the impor- 
tance of individual Federal agencies across S&E 
fields; the spreading institutional base of federally 
funded academic R&D; and research on university/ 
industry R&D linkages; 


@ Physical infrastructure—the need for, and the funding 
and adequacy of, S&E research facilities and research 
instrumentation; 


@ Human infrastructure—characteristics and activities 
of academic scientists and engineers, with emphasis 
on doctoral personnel and full-time faculty; the inter- 
play of teaching and research activities; the involve- 
ment of graduate students and other nondoctoral 
personnel in academic R&D; and changes in the age 
structure of the academic workforce; and 


@ Research outputs—the publication of papers and articles 
in a core set of international scientific and technical 
journals; cross-sectoral and international coauthorship 
patterns; cross-sectoral and international citations of 
this literature; citations in U.S. patents of U.S. articles; 
and patents awarded to academic institutions. 


Chapter Organization 


The chapter opens with a discussion of trends in finan- 
cial resources provided for academic R&D, including allo- 
cations across both academic institutions and S&E fields. 
For over half a century, the primary source of support for 
academic R&D has been the Federal Government. Its role 
and objectives and the importance of selected agencies 
for individual S&E fields are explored in greater detail in 
section one. Recent developments related to indirect cost 
and data on changes in the number of academic institu- 
tions receiving Federal R&D support are also presented. 


Because of an increasing interest in partnerships that 
promote investments in academic R&D, this section also 
includes a discussion of selected research on the factors 
affecting university/industry linkages. 

The second section of the chapter examines the status 
of two key elements of university research infrastruc- 
ture—facilities and instrumentation. Topics explored 
include funding, adequacy, and need. A new feature of 
this section is a special focus on the availability of data 
on the use of computers in academia. 

The third section discusses trends in the employment 
and characteristics of academic S&E doctorate holders. 
The central focus is on academic researchers: their num- 
ber and characteristics, including field of degree, age, 
sex, and race/ethnicity, and the extent of Federal sup- 
port. Trends are examined in the reported primary work 
responsibility for research or teaching of S&E doctorates 
in regular faculty positions. The interplay of teaching 
and research responsibilities is discussed and examined 
separately for major research universities and other 
institutions. This section also presents data on the partic- 
ipation of graduate research assistants and other non- 
doctoral personnel in academic R&D and concludes with 
a discussion of the faculty age structure. 

The chapter's final section covers two types of aca- 
demic R&D output: the publication of articles in the natu- 
ral sciences and engineering in a set of about 4,000 
international peer-reviewed journals and patents issued 
to U.S. universities. (Educated and trained personnel, as 
a major output of academic R&D, is discussed in Chapter 
2, Higher Education in Science and Engineering.) The 
discussion on article outputs places the United States in 
the context of other countries contributing to the world 
literature. It has four broad foci: 


@ The sheer output volume of research—article counts; 


@ Collaboration in the conduct of research—joint 
authorship; 


@ Use in subsequent scientific activity—citation pat- 
terns; and 


@ Use beyond science—references to citations of the 
literature in patent applications. 


Financial Infrastructure for 
Academic Research and Development 


This section focuses on the levels and sources of sup- 
port for R&D activities at U.S. universities and colleges.' 


'Data in this section come from several different National Science 
Foundation (NSF) surveys, which do not always use comparable defini- 
tions or methodologies. NSF's three main surveys involving academic 
R&D are (1) the Federal Funds for Research and Development Survey; 
(2) the Federal Support to Un’ versities, Colleges, and Selected Non- 
profit Institutions Survey; and (3) the Scientific and Engineering 
Expenditures at Universities and Colleges Survey. The results from 
the third survey are based on data obtained directly from universities 
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Beginning with an examination of the role of academic 
R&D in the context of the national R&D system, it covers 
R&D funding patterns in terms of funding sources and 
their distribution among academic institutions and 
across S&E fields. The roles of the Federal Government, 
industry, and academic institutions in supporting R&D at 
universities and colleges are explored in some detail. 
Specifically, data are presented on the increase in the 
share of academic R&D support provided by the institu- 
tions themselves, the expansion in the number of aca- 
demic institutions receiving Federal R&D support, and 
the factors affecting industry’s support of academic R&D. 


Academic Research and 
Development in a National Context 


In 1995, an estimated $21.6 billion was spent for R&D 
at U.S. academic institutions.*~ This level of expendi- 
ture represents a continuing trend, observed over the 
past several decades, of an increasing role for academic 
performers in total U.S. R&D. Academic R&D in 1995 
made up an estimated 12.6 percent of total R&D, com- 
pared with about 11 percent in 1990, 10 percent in 1980, 
and about 9 percent in 1970. During the 1970-95 peri- 
od, the proportion of total U.S. research* expenditures 
in academic institutions was around 25 to 29 percent, 
while the proportion of total basic research expendi- 
tures fluctuated between 40 and 50 percent, making the 
academic sector the largest performer of basic 
research. (See figure 5-1.) 

In constant 1987 dollars, average annual R&D growth 
between 1984 and 1994 was much stronger for the aca- 
demic sector than for any other R&D-performing sec- 
tor—an estimated growth of 5.8 percent, compared with 
about 2.8 percent for federally funded research and 
development centers (FFRDCs) and other nonprofit labo- 
ratories, 1.4 percent for industrial laboratories, and 0.7 
percent for Federal laboratories. Since 1990, however, 
academic R&D has grown at an estimated average annu- 
al rate of only 2.8 percent, which is still higher than for 
any of the other three main R&D performing sectors. 
From 1994 to 1995 the academic sector is the only one 
for which positive growth is estimated, albeit at only 0.4 
percent. As a proportion of the gross domestic product, 


and colleges; the first two surveys collect data from Federal agencies. 
For descriptions of the methodologies of these and other selected NSF 
surveys, see SRS (1995f, h). Federally funded research and develop- 
ment centers associated with universities are tallied separately and are 
examined in greater detail in Chapter 4, Research and Development: 
Financial Resources and Institutional Linkages 

“This discussion is based on data in SRS (1995g) and unpublished 
tabulations. For more information on national R&D expenditures, see 
Chapter 4, Research and Development: Financial Resources and 
Institutional Linkages. 

‘Academic insitutions generally comprise institutions of higher edu- 
cation that grant doctorates in science or engineering and/or spend at 
least $50,000 for separately budgeted R&D. 

‘This research includes basic research and applied research. For 
definitions of basic research, applied research, and development, see 
Chapter 4, Research and Development: Financial Resources and 
Institutional Linkages. 
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academic R&D rose significantly from 0.23 to 0.31 per- 
cent between 1980 and 1994. 

Academic R&D activities are concentrated at the 
research (basic and applied) end of the R&D spectrum and 
do not include much development work.° Of 1995 academic 
R&D expenditures, an estimated 67 percent was for basic 
research, 25 percent for applied research, and 8 percent for 
development. (See appendix table 5-1 and figure 5-2.) 


Sources of Academic 
Research and Development Funds 


The Federal Government continues to provide the 
majority of funds for academic R&D. (For a brief discus- 
sion of the Administration's goals for fundamental 
research, see Federal Academic Research Funding and 
National Priorities.) In 1995, the Federal Government 
provided an estimated 60.2 percent of the funding for 
R&D performed in academic institutions. This was down 
from 67.6 percent in 1980, and 70.5 percent in 1970. 
Although participation by other sectors had been grow- 
ing faster than that of the Federal Government up 
through the early 1990s, the reversal of this trend, begin- 
ning in 1992, ended the long-term pattern of declining 
share of Federal support for academic R&D. (See figure 
5-3.) For the first time since the 1978-80 period, the 
1991-95 period showed faster growth for Federal sup- 
port than for nonfederal support for 2 or more consecu- 
tive years, even though growth in all sources has been 
slowing down in recent years. 


Notwithstanding this delineation, “rap”"—rather than just “re- 
search”—is used throughout most of this discussion since almost all of 
the data collected on academic R&D do not differentiate between “R” 
and “D.” 


Figure 5-2. 
National and academic R&D expenditures, 
by character of work and performer: 1995 
Percent 
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The following is a discussion of the contributions from 
other sectors to academic R&D.° 


@ Institutional funds—These are separately budgeted 
funds spent on R&D by an acadeinic institution from 
unrestricted sources, unreimbursed indirect costs 
associated with externally funded R&D projects, and 
mandatory and voluntary cost sharing on work fund- 
ed by Federal and other grants. (For recent changes 
in reimbursement policies for indirect costs for feder- 
ally funded R&D, see Recent Developments on the 
Indirect Cost Front. For additional information on 
institutional funds, see The Composition of Insti- 
tutional Academic R&D Funds.) These constitute the 
second largest source of academic R&D funds. From 
1980 to 1991, the institutional share grew from 13.8 


"The academic R&D funding reported includes only separately bud- 
geted R&D and institutions’ estimates of unreimbursed indirect costs 
associated with externally funded R&D projects, including mandatory 
and voluntary cost sharing. It does not include departmental research 
and thus will exclude funds, particularly for faculty salaries, in cases 
where research activities are not separately budgeted. 
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to 19.1 percent of all academic R&D expenditures. 
After this extended period of growth, the share 
declined to 18.8 percent in 1992 and 17.8 percent in 
1993. Since 1993, a slight upturn to an estimated 18.1 
percent occurred in the share. The major sources of 
institutional R&D funds are (1) general-purpose state 
or local government appropriations, particularly for 
public institutions; (2) general-purpose grants from 
industry, foundations, or other outside sources; 
(3) tuition and fees; (4) endowment income; and (5) 
gifts that are not restricted by the donor to research. 
Other potential sources of institutional funds are 
income from patents or licenses and income from 
patient care revenues.’ (See Income from Patenting 
and Licensing Arrangements for a discussion of 
yatent and licensing income.)* 


@ State and local government funds—The share of aca- 
demic R&D funding from state and local governments 
fluctuated slightly between 7.8 and 8.4 percent 
between 1980 and 1991 before it declined steadily to 
an estimated 7.4 percent in 1995. This share, however, 
reflects only funds targeted specifically for academic 
R&D activities and does not include general-purpose 
state or local government appropriations used for sep- 
arately budgeted research or to cover unreimbursed 
indirect costs. Consequently, the actual contribution of 
state and local governments to academic R&D is 
understated, particularly for public institutions. 


@ Other sources of funds—These include grants from non- 
profit organizations; voluntary health agencies; and gifts 
from private individuals that are restricted by the donor 
to research; as well as all other sources not elsewhere 
classified as restricted to research purposes. Since 
1986, this source of academic R&D support has 
increased its share from 6.7 to an estimated 7.4 percent. 


@ Industry funds—During the past 2 decades, funds from 
the industrial sector for academic R&D grew faster 
than funds from any other source. (See Selected 
Research on University/Industry Research and 
Development Linkages for a discussion of some of the 
factors affecting industrial support for academic R&D.) 
Industry increased its share of support from 2.6 per- 
cent in 1970 and 3.9 percent in 1980 to an estimated 


‘A survey conducted by the Association of American Medical 
Colleges estimated, based on responses from just under half of all aca- 
demic medical centers, that revenues from faculty practice contribute 
approximately $800 million to academic research. See Marshall (1995) 
and Neville (1995). 

“Some of the rapid growth in institutional R&D funds may be due to 
accounting changes, including both a shift from departmental research 
to separately budgeted research and increased institutional skill in cal- 
culating unreimbursed indirect costs, including mandatory and volun- 
tary cost sharing. Available data suggest, however, that it is unlikely 
that this accounts for the bulk of the increase. Growth in institutional 
R&D funds has been roughly in line with growth in academic institu- 
tions’ total operating expenditures over the past 2 decades. Growth 
also has been steady over the entire period, without the sudden shifts 
one would expect if better or significantly different reporting were to 
occur simultaneously in a large number of institutions. 
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Federal Academic Research Funding and National Priorities 


“Science, both endless frontier and endless re- 
source, is a critical investment in the national inter- 
est. Science and technology are tightly coupled, for 
they both drive and benefit one another. To 
address the nation’s science investment strategy, 
we must reexamine every element of the enter- 
prise: the research portfolio; the infrastructure 
needed for world-class research by world-class 
researchers; and the education of our peuple in sci- 
ence and mathematics. Each element must be 
limited resources. It is essential that we adhere to 
a long-range and diversified investment strategy: 
nurture broadly based fundamental research for 
the decades ahead, conduct research aimed at 
today’s strategic areas, and undertake vigorous 
development activities that spring from our accu- 
mulated science and engineering resource base.” 
The above quotation is from Science in the National 

Interest, President Clinton and Vice President Gore’s 
August 1994 statement on the Administration’s jong- 
term goals and objectives for the U.S. science and engi- 
neering fundamental research and education 
enterprise. The Administration’s over-arching goal for 
fundamental research is stated as “world leadership i in 
basic science, mathematics, and engineering.” 

The statement acknowledges the important role U.S. 
academic institutions play in the science and engineer- 
ing enterprise. It states that “[a] significant fraction of 
research, particularly fundamental research, is per- 
formed at academic institutions. This has multiple ben- 
efits. Research and education are linked in an 
extremely productive way. The intellectual freedom 


afforded academic researchers and the constant 

renewal brought by successive generations of inquisi- 

tive young minds stimulate the research enterprise. A 

broad range of disciplines are represented in our 

disciplinary stimulation.” 

The document notes that, in order to sustain its cur- 
rent leadership position, the United States “must 
for well-trained scientists and engineers to pursue inno- 
vative research; to educate the next generation; and to 
apply science in areas of importance to the health, pros- 
perity, and security of the country.” To meet these 
ends, the Administration sets the following goals for its 
stewardship of science in the national interest: 

@ Maintain leadership across the frontiers of scientif- 
ic knowledge; 

@ Enhance connections between fundamental 
research and national goals; 

@ Stimulate partnerships that promote investments in 
fundamental science and engineering and the effec- 
tive use of physical, human, and financial 
resources; 

¢@ Produce the finest scientists and engineers for the 
21st century; and 


@ Raise scientific and technological literacy of all 
Americans. 


Each of these goals, and the policies enacted to ful- 
fill them, will have important implications for the U.S. 
academic R&D infrastructure. 


Figure 5-3. 
Sources of academic R&D funding, by sector 


Percentage of funding 
80 


0 
1970 1975 1980 1985 1990 1995 


NOTE: Data for 1994 and 1995 are estimates. 
See appendix table 5-2. 
Science & Engineering indicators - 1996 


6.9 percent in 1995. Industry's contribution to academia 
represented about 1.5 percent of all industry-funded R&D 
in 1995, compared with 0.8 percent in 1980 and 0.6 per- 
cent in 1970. 

Patterns of sectoral funding of academic R&D vary 
depending on the type of academic institution involved. 
That is, private and public universities differ in their major 
sources of R&D support. (See appendix table 5-3.) For 
public academic institutions, just under 11 percent of R&D 
funding in 1993 came from state and local funds, about 22 
percent from institutional funds, and about 54 percent 
from the Federal Government. Private academic institu- 
tions received about 2 percent of funds from state and 
local government, 9 percent from institutional sources, 
and 73 percent from the Federal Government. Both public 
and private institutions received approximately 7 percent 
of their respective R&D support from industry in 1993. 
Over the past 2 decades, the Federal share of support 
declined and the industry and institutional shares 
increased for both public and private institutions. 
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The process of indirect cost reimbursement for R&D 
at academic institutions underwent considerable 
change during the 1990s with a number of attempts to 
revise Circular A-21, the Office of Management and 
Budget (OMB) document governing indirect cost reim- 
bursement policies, documentation, and accounting 
practices. In October 1991, OMB issued rules revising 
Circular A-21 to limit the administrative costs portion of 
indirect costs to 26 percent of modified direct costs. 
Changes were also made to exclude certain items from 
indirect cost rate calculations and to remove ambigui- 
ties in the interpretation of Circular A-21 to prevent the 
shifting of capped indirect costs to direct costs. The 
revision now also requires universities to provide peri- 
odic assurances that reimbursement for use allowances 
and for buildings and equipment depreciation will be 
used exclusively for facilities or equipment expendi- 
tures. A March 1995 General Accounting Office (GAO) 
study found that the 26-percent cap reduced govern- 
ment spending for indirect administrative indirect costs 
in 1993 by approximately $104 million. 

in 1992, OMB and the Office of Science and 
Technology Policy (OSTP) created a task force to exam- 
ine issues related to indirect cost reimbursement to uni- 
versities and colleges. This activity culminated in 
proposed changes to Circular A-21 that the Clinton 
Administration adopted and that OMB published in July 
1993 in the Federal Register. The seven categories or 
“pools” of indirect costs used to determine the overhead 
rate have been aggregated into two broad categories: 
administrative and facilities. Any costs not identified as 
facilities are to be shifted to the administrative category 
and be subject to the 26-percent cap. These changes 
also emphasize that salaries of administrative and cleri- 
cal staff should normally be treated as indirect costs 
(although direct charging of these costs may be appro- 
priate in certain circumstances where the individuals 
involved can be specifically identified with the project or 
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activity). Tuition remission, as a fringe benefit, also has 
been targeted for phase-out, with the specification that 
tuition for graduate students working on federally fund- 
ed research be treated as a direct cost. An OSTP-led task 
force i currently reviewing this change because there 
have been concerns expressed with its possible adverse 
effect on the support of graduate students. 

In 1994, President Clinton’s FY95 budget proposed a 
temporary “pause” in the indirect cost rate so that an 
institution (receiving more than $10 million in Federal 
R&D funds) could recoup no more than the amount of 
indirect costs received in FY94, even if the amount of 
federally funded research it might conduct increases. 
This “pause” and several additional proposals to limit 
indirect costs introduced to Congress during this peri- 
od were not enacted. 

In February 1995, the Clinton Administration pro- 
posed further revisions to A-21 designed to achieve 
greater uniformity in university methods and proce- 
dures for calculating indirect costs. These proposed 
revisions include simplifying terminology to enable the 
public to better understand the components of 
research costs; clarifying and making policies for uni- 
versity changes from use allowances to depreciation 
consistent across Federal agencies; eliminating special 
studies to reduce variations in the utility, library, and 
student services portions of overhead rates; fixing the 
recovery rate for the life of an award at the rate in 
effect at its inception; eliminating the allowability of 
dependent tuition benefits; establishing criteria for the 
appropriate treatment of interest costs; assigning cost 
negotiation to the Office of Naval Research and the 
U.S. Department of Health and Human Services, based 
upon predominance of Federal funding; and assigning 
responsibility for coordinating policy development for 
sponsored agreements to an interagency working 
group. There are also a number of other areas under- 
going further study. 


Distribution of Research and Development 
Funds Across Academic Institutions’ 


Most academic R&D is, and has been, concentrated in rel- 
atively few of the 3,600 higher education institutions in the 
United States.’ In fact, when all such institutions are ranked 
by their 1993 R&D expenditures, the top 200 institutions 
account for 95.6 percent of R&D expenditures. In 1993, 


For a comprehensive discussion on this subject see a recent paper 
by Geiwer and Feller (1995) 

The Carnegie Foundation for the Advancement of Teaching classi 
fied 3.600 degree-granting institutions as higher education institutions 
in 1987. (See Chapter 2, Higher Education in Science and Engineering, 
for a bret description of the Carnegie categories.) These higher edu 
cation institutions include 4-year colleges and universities, 2-vear com 
munity and junior colleges, and specialized schools such as medical 
and law schools. Not included are more than 7,000 other postse 
ondary institutions (secretarial schools, auto repair schools, etc.) 


@ The top 10 institutions spent 17 percent of total aca- 
demic R&D funds (83.4 billion); 


eo 


The top 20 institutions spent 31 percent (86.0 billion); 


> 


The top 50 spent 57 percent (511.0 billion); and 


ad 


The top 100 spent 80 percent (815.6 billion)."' 


These percentages exclude the Applied Physics Laboratory (APL) 
at the Johns Hopkins University. With an estimated $212 million in 
FY83 and 5447 million in FY93, APL performs about 60 to 70 percent of 
the university's RAD. Although not officially classified as an FFRDC, 
Al’l essentially functions as one. Its exclusion therefore provides a bet 
ter measure of the distribution of academic R&D dollars and the rank 
ing of individual institutions 


Los 
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The Composition of 
institutiona! Academic Research 


and Development Funds 


the past 2 decades. (See appendix table 5-2.) In 1995, 
academic institutions are estimated to have commit- 
ted a substantial amount of their own resources to 
R&D: roughly $3.9 billion or 18 percent of total aca- 
demic R&D. Institutional support for academic R&D 
from public institutions was greater (at 22 percent) 
than from private institutions (at 9 percent). (See 
appen.ix table 5-3.) One possible reason for this dif- 
ference is that public universities and colleges’ own 
funds may include considerable state and local funds 
not specifically designated for R&D but used for that 
purpose by the institutions. Through all of the 1980s 
and early 1990s, institutional R&D funds were divided 
roughly equally between its two components: sepa- 
tory and voluntary cost sharing plus unreimbursed 
by external organizations. Public and private institu- 
tions own funds differ not only in their importance to 
the institution, but also in their composition. In pri- 
vate institutions, 65 to 70 percent of their own funds 
is classified as unreimbursed indirect costs plus cost 
sharing, compared with 47 to 48 percent in public 
institutions. (See figure 5-4.) 
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SOURCES Science Resources Studies Division (SRS), National 
Science Foundation, Academic Science and R&D 

Expenditures. Fiscal year 1993, Detailed Statistical Ta NSF 
95-332 (Arlington. VA NSF. 1995). and SRS. special tabulations. 


Science & Engineering indicators - 1996 


* 5-11 


This historic concentration of funds, however, dimin- 
ished somewhat during the past decade. In 1983, the top 
10 institutions received about 20 percent of the funds. 
The decline in this group's share of total academic R&D 
funds is nearly matched by the increase (from 17 to 20 
percent) in the share of those institutions below the top 
100. The institutions that ranked from 11 to 100 received 
almost the same share in 1993 (62.6 percent) as they did 
in 1983 (63.3 percent). (See appendix table 5-4.) 


Academic Research and Development 
Expenditures by Field and Funding Source’ 


By far, the majority of academic R&D expenditures in 
1993 went to the life sciences, which accounted for 54 
percent of total academic R&D expenditures, 53 percent 
of Federal academic R&D expenditures, and 56 percent 
of nonfederal academic R&D expenditures. Within the 
life sciences, the subfield of medical sciences accounted 
for 27 percent of total academic R&D expenditures and 
the subfield of biological sciences accounted for 18 per- 
cent. The next largest block of total academic R&D 
expenditures (16 percent in 1993) was for engineering. 
(See appendix table 5-5. For detailed data on expendi- 
tures over time by S&E field and subfield, also see 
appendix table 5-6.) (For further information on the 
nature of engineering research being peniormed in U.S. 
universities, see 7he Nature of Engineering Research at 
U.S. Universities.) 

Between 1983 and 1993, academic R&D expenditures 
for all fields combined grew at an average annual rate of 
6.0 percent in constant 1987 dollars. (See figure 5-5 for 
constant dollar expenditures over the decade, by field.) 
Funding for the computer sciences grew fastest during 
the decade and increased at an averare annual rate of 8.5 
percent in constant dollars. However, R&D expenditures 
for the computer sciences in 1993 were only about 3 per- 
cent of total academic R&D. Funding for the engineering 
field grew second fastest during the decade and 
increased at an average annual rate of 7.1 percent. 
Within engineering, growth in funding was fastest for 
mechanical engineering (at 8.6 percent) and slowest for 
electrical engineering (at 6.5 percent). Academic R&D 
expenditures in the physical sciences grew the slowest, 
averaging 5.2 percent. Within the physical sciences, 
chemistry and physics grew the slowest (4.5 percent and 
4.6 percent, respectively) and astronomy grew most 
rapidly (at 9.3 percent). 

The distribution of Federal and nonfederal funding for 
academic R&D in 1993 varied by field and subfield. (See 
appendix table 5-5.) For example, the Federal Govern- 
ment supported 76 percent of academic R&D expendi- 
tures in the physics and atmospheric sciences subfields, 


The data in this section were drawn from the NSF's Scientific and 
Engineering Expenditures at Universities and Colleges Survey. For 
various methodological reasons, parallel data (by field) from the 
Foundation’s Survey of Federal Obligations to Universities and 
Colleges do not necessarily match these numbers 
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Chapter 5 


Academic Research and Developmen: intrastructure and Performance 


A major development over the past 2 decades has 
been the growth in industrial support of academic 
R&D. As a result of this development, a number of 
important questions have arisen. To what extent have 
industrial innovations in various industries been based 
on academic R&D? What factors determine which uni- 


versities will be supported by ir ’ firms to do 
R&D of various types? What ch © «ct<.... cs of the uni- 
versities and academic resear' «.s sevm to have con- 
tributed most to industrial inno Aho has funded 


the research that has provided important contributions 
to industry? Over the past several years, Edwin 
Mansfield of the University of Pennsylvania has car- 
ried out a number of research projects directed at 
answering many of these and other related questions 
(Mansfield, 1995 a, b, c; Lee and Mansfield. 1995). 

As part of this research, Mansfield indicated that 
industrial innovation in a number of industries has 
been based, to a substantial degree, on academic 
research. In the absence of academic research, many 
new products and processes could not have been 
developed at all or without substantial delay. Based on 
these results, rough and conservative estimates of the 
social rate of return from academic research exceeds 
20 percent. In updating some of his earlier findings, 
Mansfield found a decrease in the mean time interval 
from approximately 7 years to 6 years between aca- 
demic research results and the first commercial intro- 
duction of new products and processes. 

Mansfield also examined how locaiiot and faculty 
quality affect the probability of a firm supporting R&D 
at a particular university. He found that, when the 
National Academy of Sciences (NAS) faculty quality 
rating is held constant, the mean proportion of R&D 
supported at a university within 100 miles of a firm is 
more than double that of a university located 100 to 
1,000 miles away and generally more than triple that of 


Selected Research on University/industry Research and Development Linkages 


a university more than 1,000 miles away. Geographic 
proximity, however, seems to play a smaller role for 
basic research than for applied R&D, while the effects 
of faculty quality are much smaller for applied R&D 
than for basic research. Distance is particularly impor- 
tant for universities with only adequate-to-good or 
marginal faculties. Their chance of support is quite low 
unless they are within 100 miles of the firm. 

Mansfield also attempted to identify the characteris 
tics of the universities and academic researchers that 
contributed most to industrial innovation and to deter- 
mine who funded them. He selected a random sample of 
70 major firms from a number of industries. Each firm 
was asked to cite about five academic researchers 
whose work in the 1970s and 1980s contributed most 
importantly to the firm's new products and processes in 
the 1980s. He found that, although in most industries 
the most frequently cited universities were world lead- 
ers in science and technology, about 40 percent of the 
citations went to universities with less than good-to-dis- 
tinguished faculties in the relevant departments, accord- 
ing to NAS ratings. He also found that the bulk of the 
cited academic research occurred in departments close- 
ly related to the technology of the industry in question. 
Almost all of the cited researchers had some govern- 
ment support for their research, with the Federal 
Government providing about two-thirds of the funding. 
Over four-fifths of these researchers also received 
research support from industry. In most cases, the 
industry-funded work followed the government-funded 
work and was often directed at extending the latter. 
(See Cross-Sectoral Collaboration in the United States 
in this chapter; Industrial Science and Technology 
Linkages in Chapter 4, Research and Development: 
Financial Resources and Institutional Linkages; and 
Chapter 8, Economic and Social Significance of 
Scientific Research, for additional information.) 


but only 29 percent of academic R&D in the agricultural 
and political sciences and public administration subfields. 

It is noteworthy that the declining Federal share in the 
support of academic R&D is not limited to particular S&1 
disciplines. Rather, the federally financed fraction of sup- 
port declined over the past 2 decades for each of the S&E 
fields except for computer sciences. (See appendix table 
»7.) the most dramatic decline occurred in the social 
sciences (from 57 percent in 1973 to 38 percent in 1993); 
the smallest decline was in the mathematical sciences 
(from 78 to 75 percent). In the computer sciences, 
Federal support was 70 percent in 1973 and 71 percent in 
1993. The overall decline in Federal share also holds for 
all reported S&E subfields. 


Support of Academic Research and 
Development by Federal Agencies 


Federal obligations for academic R&D are concentrat- 
ea in three agencies: NSF, the National Institutes of 
Health (NIH), and the Department of Defense (DOD). 
Together, these agencies are estimated to have provided 
approximately 80 percent of total Federal funds in 1995 
for academic R&D: 53 percent from NIH; 15 percent from 
NSF; and 12 percent from DOD. (See appendix table 5-8.) 
If only academic research is considered, excluding 
development, agency shares are almost the same as for 
R&D. Since 25 to 30 percent of DOD's academic R&D 
obligations are directed toward development while 
almost all of NSF funds are for research, a slight shift 
occurs with the estimated NSF share increasing to 17 
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The Nature of Engineering Research at U.S. Universities 


In January 1992, the Center for Technology 
Assessment and Policy at Washington University in St. 
Louis began a multiyear study of university-based engi- 
neering research. Led by Robert P. Morgan and sup- 
ported by the National Science Foundation, the study 
tried to obtain a clearer picture of the nature of engi- 
neering research at U.S. universities, to analyze major 
trends and factors influencing university-based engi- 
neering research, and to examine how university- 
based engineering research serves society's 
educational needs. The survey research portion of the 
work was divided into two parts: a national survey of 
university-based engineering research units (conduct- 
ed in the spring of 1993) and a national survey of engi- 
neering faculty (conducted in the fall of 1993) (Morgan 
et al., 1994a, b). The latter survey was based on a strati- 
fied probability sample drawn from the approximately 
20,000 engineering faculty in the 200 universities that 
account for roughly all of U.S. academic engineering 
research expenditures. More than 1,700 usable 
responses (representing a 61-percent response rate) 
were received from individuals at 192 of these institu- 
tions. The following conclusions were drawn from 
these responses. 

A shift away from the individual investigator model 
toward more applied research of a cross-disciplinary 
nature appears to be taking place. Despite this shift, 
traditional outputs such as papers for presentations, 
theses, and conference papers continued to be of much 
greater importance to faculty than commercial pro- 
cesses and products, patents, or invention disclosures. 
Faculty, however, considered the latter outputs some- 


what more important now than when they began uni- 
versity-based engineering research. 

Although industry has considerable involvement in 
university-based engineering research, close to 80 per- 
cent of faculty desired even greater industry involve- 
ment. About 79 percent of faculty reported support 
from industry while at their current university; some 
two-thirds reported an average of 5.8 years of experi- 
ence in industry or government; and some 87 percent 
reported having been a consultant to industry or gov- 
ernment while a faculty member. 

Graduate students continue to play a central role in 
university-based engineering research, primarily serv- 
ing as associate or independent researchers. However, 
student interaction with industrial and government 
researchers was not strongly indicated. 

Engineering faculty involvement in research was 
roughly in balance with their involvement in teaching. 
For those currently involved in research, about 80 per- 
cent of the 1992-93 academic year was divided evenly 
between teaching and research; the rest was devoted 
mainly to administration. 

The problems most frequently cited by engineering 
faculty were the excessive time required to obtain and 
sustain research support, the shortage of time to con- 
duct research, and the instability and inconsistency 
of funding. 

Data from both surveys are being analyzed further. 
The authors hope to combine these data with other 
analyses and provide a comprehensive picture of engi- 
neering research in U.S. universities. 


percent and the DOD share declining to 10 percent. (See 
appendix table 5-9.) 

During the past 10 years, the National Aeronautics 
and Space Administration (NASA)—which is estimated 
to have provided about 6 percent of Federal support in 
1995—had the highest estimated average annual growth 
in its funding of academic R&D: 8.5 percent per year (in 
constant 1987 dollars). The next highest growth rates 
were experienced by NIH (4.1 percent) and NSF (2.9 per- 
cent). Between 1994 and 1995, total Federal obligations 
for Federal R&D were estimated io have declined in con- 
stant dollars. Only NIH and NSF were expected to 
increase their academic R&D obligations in 1995. 


Federal Academic Research Funding 
by Science and Engineering Field 
and Federal Agency 

Federal agencies emphasize different S&E fields in 
their funding of academic research. Several agencies 
concentrate funding in one field (e.g., Department of 


Health and Human Services [HHS] and the U.S. Depart- 
ment of Agriculture in the life sciences and the Depart- 
ment of Energy [DOE] in the physical sciences). Other 
agencies—NSF, NASA, and DOD—have much more 
diversified funding patterns. (See figure 5-6 and 
appendix table 5-10.) Although an agency may place a 
large share of its funds in one field, it may not be an 
important contributor to that field, particularly if it is a 
small funding agency. (See figure 5-7 and appendix table 
511.) NSF is the lead funding agency in the physical sci- 
ences (33 percent of total funding), the mathematical sci- 
ences (59 percent), and the environmental sciences (49 
percent). DOD is the lead funding agency in the comput- 
er sciences (58 percent) and in engineering (45 percent). 
HHS is the lead funding agency in the life sciences (85 
percent), the social sciences (47 percent), and psycholo- 
gy (86 percent). Within S&E subfields, other agencies 
take the leading role—DOE in physics (41 percent) and 
NASA in astronomy (64 percent) and in aeronautical/ 
astronautical engineering (59 percent). 
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NOTE: See appendix table 4-1 for GOP implicit price defiators used 
to convert current to constant 1987 dollars. 


See appendix table 5-6. 
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The Spreading Institutional Base of Federally 
Funded Academic Research and Development'* 


The increase, which began in the early 1970s, in the 
number of academic institutions receiving Federal sup- 
port for their R&D activities has continued in recent 
years.'' The number of institutions receiving R&D sup- 
port—which increased from 567 in 1971, to 621 in 1981, 
and to 772 in 1991—increased further to 827 in 1992 and 
to 875 in 1993. As in the earlier 1971-91 period, there was 
almost no change in the number of Carnegie research or 
doctorate-granting institutions receiving Federal R&D 
obligations between 1991 and 1993 (from 231 to 232). 
Almost the entire increase in the number of supported 
institutions occurred in the other Carnegie classifica- 
tions—that is, among comprehensive, liberal arts, 2-year 
community, junior, technical, professic ial, and other spe- 
cialized schools (from 541 to 643).'!° (See text table 5-1.) 


‘The data in this section were drawn from the Federal Support to 
Universities, Colleges, and Selected Nonprofit Institutions Survey. The 
survey collects data on Federal R&D obligations to individual U.S. uni- 
versities and colleges from the 15 Federal agencies that account for 
virtually all such obligations. 

‘See Science and Engineering Indicators—1993 (NSB, 1993) for a 
more comprehensive discussion of the spreading institutional base, 
which includes developments in individual fields of science and engi- 
neering. The field analysis could not be extended because DOD no 
longer provides detailed academic R&D funding by science and engi- 
neering field. Also see Geiger and Feller (1995). 

See Chapter 2, Classification of Academic Institutions, for a brief de- 
scription of the Carnegie categories. The classification scheme was revised 
in 1994 by the Carnegie Foundation for the Advancement of Teaching. 
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Total USDA DOD 


BB Physicai sciences [) Life sciences 
@ Mathematical sciences Psychology 
HB Computer sciences [) Social sciences 
BB Environmentai sciences BB Other sciences 
__] Engineering 


NOTES: Data for Fy94 and FY95 are estimates. The six agencies 
reported represent approximately 97 percent of Federal academic 
research obligations. 
See appendix table 5-10. 
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Physical Infrastructure for Academic 
Research and Development 


This section focuses on several aspects of academic 
R&D facilities and instrumentation.'® Excellent research 
facilities and high-quality research equipment are essen- 
tial to enable U.S. academic researchers to carry out 
world-class research. Creative and innovative ideas may 
remain unexplored if the physical infrastructure neces- 


‘Pata on facilities and instrumentation are taken primarily from sev- 
eral surveys supported by NSF. Although terms are defined specifically 
in each survey, in general, facilities expenditures: (1) are classified as 
“capital” funds; (2) are fixed items such as buildings; (3) often cost mil- 
lions of dollars; and (4) are not included within R&D expenditures, as 
reported here. Equipment and instruments (the terms are used inter- 
changeably) are generally movable, purchased with current funds, and 
included within R&D expenditures. Because the categories are not 
mutually exclusive, some large instrumentation systems could be clas- 
sified as either facilities or equipment. 
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NOTES: Data for FY94 and F795 are estimates. The six agencies 
reported represent approximately 97 percent of Federal academic 
research obligations. 


See appendix table 5-11. 
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sary for their pursuit is not available. This section begins 
with an examination, both at the aggregate and the field- 
of-science level, of the quantity of research space, the 
levels of investment, the sources of funds, the condition 
and adequacy of research space, and a measure of 
unmet needs.'’ Following are discussions of research 
instrumentation expenditures and funding sources and 
the characteristics of the instrumentation stock. In addi- 
tion, special attention is focused on computer use in 
research at academic institutions, particularly on the 
availability of data and information on this growing phe- 
nomenon. 


Some indicators such as those referring to the condition and ade- 
quacy of research space are, by necessity, based on the subjective 
judgment of the universiiy respondents. 
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Text table 5-1 
Number of academic institutions receiving Federal 
R&D support, by type of institution 
Camegie research 
All and doctorate- Other 
institutions institutions _institutions 

AR ae 567 ae 340 
Di dis wa base’ 621 227 394 
ER 772 231 541 
SSP 827 232 595 
— 875 232 643 


Nonprofit 
95-331 (Arlington, VA: NSF, 1985); and SRS, unpublished tabulations. 
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An Overview of Academic Research and 
Development Facilities" 


Between 1988 and 1994, total academic science and 
engineering research space increased by almost 14 per- 
cent, from about 112 million to 127 million net assignable 
square feet.'’ (See appendix table 5-12.) Planned con- 
struction outlays for academic research facilities are 
expected to reach $3.0 billion (in constant dollars) in 
1994-95, up from $2.8 billion in 1992-93, just below $3.1 
billion in 1990-91, and up from $2.7 billion in 1988-89 
and $2.4 billion in 1986-87. (See appendix table 5-13 for 
the current dollar values.) 

New construction projects initiated between 1986 and 
1993 produced over 43 million square feet of new 
research space—the equivalent of about 34 percent of 
estimated existing research space. The total amount of 
research space has been increasing only by about half as 
much as new construction, indicating that a significant 
portion of new research space may be replacing obsolete 
or inadequate space rather than adding to existing 
space. Planned new construction projects initiated in 
1994-95 are expected to produce over 11 million square 
feet of new research space. (See appendix table 5-12.) 

Planned outlays for major repair/renovation (costing 
over $100,000) of academic research facilities are 
expected to reach $978 million (in constant dollars) in 
1994-95; compared with $837 in 1992-93; $861 in 
1990-91; $1,090 in 1988-89; and $971 in 1986-87. (See 
appendix table 5-13 for the current dollar values.) 


'‘For more detailed data on and analysis of academic S&E research 
facilities (e.g., by institution type and control) see SRS (1994b, c). 

Throughout this section, research space refers to the net assign- 
able square footage of space within research facilities (buildings) in 
which research activities take place. Multipurpose space, such as an 
office, is prorated to reflect the proportion of use devoted to research 
activity. 
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Expenditures for smaller S&E research facility repair/ 
renovation projects (costing less than $100,000) in- 
creased by two-thirds, from $152 million in 1990-91 to 
$241 million in 1992-93. The repair/renovation projects 
initiated between 1986 and 1993 resulted in the 
repair/renovation of over 43 million square feet of 
research space or the equivalent of about 34 percent of 
existing research space. However, a portion of this 
space, particularly at the repair end, could have been 
counted 2 or 3 times because the same space could have 
been repaired/renovated several times over the course 
of time. The data do not differentiate between repair and 
renovation, nor do they permit the estimation of an actu- 
al count of unique square footage that has been repaired 
or renovated. Planned projects initiated in 1994-95 are 
expected to result in the repair/renovation of an addi- 
tional 9.2 million square feet of research space. (See 
appendix table 5-12.) 


Sources of Funds 

Since 1986, there have been shifts in the importance of 
different sources of funds for the construction and 
repair/renovation of S&E research space. Funds from 
Federal sources”’ and from tax-exempt bonds grew in 
importance, with the former increasing from 6 percent in 
1986-87 to 14 percent in 1992-93 and the latter from just 
below 16 percent to just above 19 percent. Funds from 
private donations diminished in importance and fell from 
20 to 10 percent of total funding. However, the major 
sources of funds for new construction generally are not 
the same as those for repair/renovation. In 1992-93, 
about 34 percent of the funds for new construction came 
from state and local governments, 22 percent came from 
tax-exempt bonds, and 16 percent came from Federal 
sources. In contrast, about 40 percent of the funds for 
repair/renovation came from institutional funds, with 
another 30 percent from state and local funds. (See 
appendix tables 5-14 and 5-15.) 

Public and private institutions draw upon substantially 
different sources to fund the construction and repair/ 
renovation of S&E research space. Public institutions 
rely primarily on state and local funding, which account- 
ed for 46 percent of their total funding in 1992-93 and on 
tax-exempt bonds, which accounted for 18 percent. 
Private institutions rely primarily on institutional funds, 
tax-exempt bonds, and private donations, which account- 
ed for 32 percent, 23 percent, and 18 percent, respective- 
ly, of their total funding in 1992-93. (See figure 5-8.) 


Condition and Adequacy 

Only modest changes in the condition of academic 
S&E research space occurred between 1988 and 1994. 
(See text table 5-2.) Specifically, the percentage of space 


“"The actual amount of Federal funds devoted to construction and 
repair/renovation is underrepresented because institutional funds 
include indirect cost reimbursement from Federal grants to universi- 
ties and colleges. 
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institutional funds 31.7% 


S&E = science and engineering 
See appendix tables 5-14 and 5-15. 
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available for use in the most scientifically sophisticated 
research increased from 24 percent to 26 percent; the 
percentage effective for most, but not the most scientifi- 
cally sophisticated, uses declined from 37 percent to 33 
percent; the percentage of space needing limited 
repair/renovation remained about the same at 23 per- 
cent; and the percentage requiring major repair/renova- 
tion or replacement increased from 16 percent to 17 
percent. (See appendix table 5-16.) 


Unmet Needs 

Determining what universities and colleges need with 
regard to S&E research space is a complex matter. To 
measure real as opposed to speculative needs, the 1994 
facilities survey adopted a new approach to this issue. 
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Text table 5-2. 

Condition of academic science and engineering research facilities 

Condition of research facilities 1988 1990 1992 1994 
Percentage of institutions’ S&E research space 

Ns 5 4 6 eh -4:5d60 40 1.40745 498 05A 4048S 05844 000840045005 100.0 100.0 100.0 100.0 

Suitable for use in most scientifically sophisticated research............... 23.9 25.9 26.8 26.4 

Effective for most uses, but not most scientifically sophisticated............. 36.8 35.3 34.7 32.8 

Requires limited repair/renovation to be used effectively.................. 23.5 23.3 22.6 23.1 

Requires major repair/renovation to be used effectively’.................. 15.8 15.5 12.8 12.9 

EE ne er ee NA NA 3.1 4.1 


S&E = science and engineering: NA = not available 
NOTES: Details may not add to totals because of rounding. 


‘The data for 1988 and 1990 in this category include space requiring replacement. 


“This category was first used in the 1992 survey. 
See appendix table 5-16. 


Institutions were asked to report whether an approved 
institutional plan existed that included any deferred 
space requiring new construction or repair/renovation. 
Using a strict set of standards! respondents were then 
asked to estimate the construction and repair/renova- 
tion costs of such projects for each S&E field. The 
strength of this approach was that institutions had to 
decide how to distribute scarce resources to develop and 
approve plans; they were not simply making wish lists. 

A total of 40 percent of all research-performing univer- 
sities and colleges had an approved institutional plan that 
included either construction or repair/renovation pro- 
jects that were deferred and unfunded.- The estimated 
cost of these projects was $5.7 billion: 54.0 billion for new 
construction and $1.7 billion for repair/renovation. 


Academic Research and Development 
Facilities, by Field of Science and Engineering 


There was little change in the distribution of academic 
research space across fields of science and engineering 
between 1988 and 1994. More than 90 percent of current 
academic research space continues to be concentrated in 
SIx SKE fields (see appendix table 5-12): 


@ Biological sciences (21 to 22 percent)’ 
@ Medical sciences (17 to 18 percent), 


Four criteria were used to define deferred space: (1) Lhe space 
must be necessary to meet the critical needs of current faculty or pro 
rams; (2) construction must not be scheduled to begin during 
4-95; (3) construction must not currently have funding; and (4) the 
e must not be utilized tor developing new programs or for expand 
e number of faculty 

he other 60 percent of the institutions could have had a “need” 
hey did not have an approved institutional plan. Certain classes of 
titutions (e.g., smaller institutions and historically black colleges 
and universities) were less likely to have a plan or one that included 
deterred needs. The top 100 institutions (in terms of research expendi 
tures) were most likely (60 percent) to have an approved institutional 
plan, and the non-doctorate-granting institutions were least likely (26 

percent) to have one 
Within the biological sciences, there was a significant shift in the 
location of research space among universities, colleges, and medical 
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Engineering (14 to 16 percent), 


e 

@ Agricultural sciences (16 to 16 percent), 
@ Physical sciences (14 to 13 percent), and 
e 


Environmental sciences (6 to 6 percent). 


The percentage of net assigned square feet of 
research space either newly constructed or renovated 
between 1986 and 1993 differs across fields of science 
and engineering. In the medical sciences, computer sci- 
ences, physica) sciences, and engineering, as much as 
two-thirds of research space may have been built or 
repaired/renovated in the 1986-93 period.-! In contrast, 
no more than 50 percent of the research space for social 
sciences, mathematics, agricultural sciences, and psy- 
chology was newly constructed or repaired/renovated 
during this period. (See figure 5-9.) 


Condition and Adequacy 

The condition of academic research space also differs 
among S&E fields. In 1994, a higher percentage (22 per- 
cent) of the total S&E research space in the agricultural 
sciences needed major repair/renovation or replacement 
than in any other field. Fields in which more than 17 per- 
cent (the average for all S&E fields) of the total S&E 
research space needed major repair/renovation or 
replacement included the physical sciences (18 percent), 
the environmental sciences (19 percent), and the biologi- 
cal sciences outside of medical schools (19 percent). In 
contrast, major repair/renovation or replacement was 
needed in only 13 percent of the total S&E research 
space in psychology, 11 percent in the social sciences, 
and less than 6 percent in both mathematics and the 


schools during this period. In 1988, slightly less than 33 percent of this 
space was located at medical schools; by 1994, 39 percent of the space 
was in medical schools 

‘As noted earlier, the actual percentage of existing space repaired/ 
renovated is not known because some space may have been repaired/ 
renovated more than once. Consequently, the numbers reported for 
the percentage of net assigned square feet of research space repaired / 
renovated between 1986 and 1993 are upper bounds 
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Figure 5-9. 
Percentage of research space newly 
constructed and repaired/renovated 


between 
1986 and 1993, by S&E field: 1994 
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NOTE: The actual percentage of existing space that was repaired/ 
renoveted is not known because some space may have been 
renoviited more than once. The percentages displayed above 

for the space repaired/renovated between 1966 and 1993 are 
upper bounds. 


See appendix table 5-12. 
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computer sciences. At this point, there are no evident 
trends in repair/renovation needs across S&E fields. 
(See appendix table 5-16.) 

Universities and colleges were more likely to rate 
research space as inadequate in some S&E fields rather 
than in others.” Forty percent or more of all institutions 
indicated inadequate amounts of S&E research space in 
engineering, the physical sciences, the biological sci- 
ences outside of medical schools, and the medical sci- 
ences in medical schools. In contrast, one-third or less of 
all institutions indicated inadequate amounts of S&E 
research space in the environmental sciences, the agri- 
cultural sciences, mathematics, psychology, and the 
social sciences. (See appendix table 5-17.) 


“Respondents were asked to rate the amount of research space in 
each field by choosing one of the following: (1) adequate amount (suf- 
ficient to support all the needs of your research in the field); (2) gener- 
ally adequate amount (sufficient to support most of your research 
needs in the field but may have some limitations); (3) inadequate 
amount (not sufficient to support the needs of your research in the 
field); (4) nonexistent space but needed; or (5) not applicable or not 
needed. Inadequate space is defined as either category 3 or category 4 
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Unmet Needs 

Deferred and unfunded need existed in all S&E fields. 
Unfunded need for new construction projects in the agricul- 
tural sciences was indicated more frequently than in any 
other field. Slightly over one-fifth of all responding institu- 
tions with research space in the agricultural sciences report- 
ed unfunded need for new facilities in this field. Four other 
fields were mentioned by at least 10 percent of the respond- 
ing group: engineering (18 percent); the physical sciences 
(16 percent); the medical sciences in medical schools (16 
percent); and the biological sciences outside the medical 
schools (14 percent). Unfunded need for repair/renovation 
projects in the physical sciences was indicated more fre- 
quently than in any other field. Over 20 percent of respond- 
ing universities and colleges reported unfunded need for 
repair/renovation in four fields: the physical sciences (25 
percent); engineering (22 percent); the biological sciences 
outside of medical schools (22 percent); and agricultural sci- 
ences (21 percent). (See text table 5-3.) 


instrumentation Expenditures 
and Funding Sources” 


Current fund expenditures for academic research 
instrumentation grew at an average annual rate of about 


“*>Data used here from the Survey of Scientific and Engineering 
Expenditures at Universities and Colleges are limited to current fund 
expenditures for research instrumentation and do not include funds 
for instructional equipment. Current funds—as opposed to capital 
funds—are those in the yearly operating budget for ongoing activities. 
Generally, academic institutions keep separate accounts for current 
and capital funds. 


Text table 5-3. 
of institutions with deferred capital 
to construct and/or S&E 
research facilities, by field: 1994 
Field Construction renovation 
Physical sciences.......... 16 25 
Mathematical sciences ...... 3 11 
Computer sciences......... 4 9 
Environmental sciences... ... 9 13 
Agricultural sciences........ 21 21 
Biological sciences ......... 
In universities and colleges. 14 22 
in medical schools ....... 5 Q 
Medical sciences .......... 
in universities and colleges. 9 10 
in medical schoois . , 16 14 
cadet ensued § , ae 8 
Social sciences............ 5 8 
Engineering .............. 18 22 
NOTE: Percentage above to of all reeponding 
institutions with research space in the relevant S&E (inctuding 
those without plans). 
SOURCE: Science Resources Studies Division, National Science 
Foundation, Scientific and Research Facilities at 
Universities and Colleges: Volume li, Detailed Statistical Tables, 
NSF 94-316 (Arlington, VA: NSF, 1994) 
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8.5 percent between 1983 and 1989 before beginning a 
steady decline of 2 percent a year from 1990 through 
1993 (in constant 1987 dollars). (See appendix table 5- 
18.) Research instrumentation expenditures grew for all 
S&E fields during the 1983-89 period. The slowest 
growth was in the life sciences (5.9 percent) and the 
social sciences (6.3 percent). The fastest growth was in 
the mathematical sciences (19.5 percent), engineering 
(11.6 percent), computer sciences (11.1 percent), and 
the physical sciences (10.3 percent). Since 1989, how- 
ever, all S&E fields grew at average annual rates of 2 per- 
cent or below, except the mathematical sciences (at 7.2 
percent), psychology (at 6.3 percent), and the social sci- 
ences (at 4.1 percent). Engineering, the life sciences, 
and the environmental sciences showed declining expen- 
ditures, and the physical sciences showed zero growth. 
(See figure 5-10.) 

Between 60 and 64 percent of these expenditures were 
covered by the Federal Government in the 1983-89 peri- 
od. The Government's share fell to below 60 percent 
between 1990 and 1992 before it increased slightly to 
just above 61 percent in 1993. This percentage varied 
among individual fields, however, with the social sci- 
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ences receiving between 28 and 43 percent of their 
research equipment funds from the Federal Government 
and the physical sciences, computer sciences, mathe- 
matical sciences, environmental sciences, and psycholo- 
gy receiving over 60 percent. 

Although current annual funds for research equipment 
expenditures fluctuated between 5 and 7 percent of total 
R&D expenditures during the 1983—93 period, this percent- 
age has declined every year since 1986 (from 7.2 to 5.2 per- 
cent). Although such a monotonic decline in the share of 
R&D expenditures for research equipment did not occur in 
all the S&E fields, the 1993 percentage was below that of 
1986 in every field, except for the mathematical sciences. 
With respect to the level of equipment purchases as a per- 
centage of R&D expenditures, this percentage was consis- 
tently higher than average in the computer sciences, 
physical sciences, and engineering and was consistently 
lower in the social sciences, life sciences, psychology, and 
mathematical sciences (except for 1993). 


Characteristics of Academic Research 
and Development instrumentation” 


Annual expenditures for the purchase of research 
instruments increased in current dollars in each of the 
four cycles of the instrumentation survey, but in 1993 the 
data show a decrease in constant dollars from the 1988-89 
survey.”* Expenditures for the repair and maintenance of 
research instruments also increased in every survey 
through 1988-89, but in 1993 they decreased in both cur- 
rent and constant dollars. Beginning with the 1988-89 sur- 
vey, data on expenditures for the operation of research 
instruments also have been collected, and the 1993 data 
on expenditures show a decrease from the 1988-89 sur- 
vey. The maintenance, repair, and operation of existing 
equipment represent a considerable expense for research 


“NSF, with funding from NIH, initiated the National Survey of Aca- 
demic Research Instruments and Instrumentation Needs in 1983-84. 
The survey's first three cycles (covering 1982-83, 1985-86, and 
1988-89) collected data on S&E fields in two phases: Data for engineer- 
ing, the computer sciences, chemistry, and physics/astronomy were 
collected in the cycle’s first year; and data for agriculture, biology, and 
the environmental sciences were collected in the cycle’s second year. 
In the survey's most recent cycle, the two data-collection phases were 
consolidated to cover all fields in the same year. Also, in previous 
cycles, each survey cycle included: (1) department questionnaires 
requesting department expenditures for equipment and related issues, 
such as equipment needs and priorities, and (2) instrument data 
sheets for information on the condition, cost, usage, etc., of specific 
equipment. Beginning in the fourth cycle, the department question- 
naire was conducted every other year and the instrument data sheets, 
every fourth year. Only the department questionnaire survey data for 
the fourth cycle are reported here. 

“Data on expenditures for research equipment purchases obtained 
through this instrumentation survey cannot be readily compared with 
those discussed in the previous section, because they were based on 
the annual R&D Expenditures survey. The instrumentation survey data 
here include all expenditures—both from current operating funds and 
capital accounts. In the previous section, the discussion was limited to 
data on research equipment from current funds expenditures, which 
could be a considerably smaller expenditure. Both of these data 
sources, however, indicate that expenditures for instrumentation have 
decreased, in constant dollars, in recent years. 


units. In 1993, for every $1 spent on purchasing research 
equipment, an additional $.19 was spent on maintenance 
and repair, and $.47 was spent on operation. 

The instrumentation survey gathers data on the current 
adequacy of, and future needs for, instrumentation. 
Respondents to the survey (department chairs and heads 
of research facilities) reported continuing needs for instru- 
mentation for their units. Sixty-nine percent of respon- 
dents in 1993 reported that their needs had increased over 
the previous 2-year period. Thirty percent said their needs 
had remained about the same, while only 2 percent report- 
ed that needs in their units had decreased. 

In 1993, 58 percent of the respondents rated the capa- 
bility of their instruments to satisfy the major research 
needs of their faculty as adequate to excellent. However, 
in an indication of continuing needs, 39 percent of the 
respondents—the modal response—rated the overall 
capability of their instrumentation as inadequate to sup- 
port the research needs of their faculty. 

‘vevertheless, the level of investment in research instru- 
mentation over the past decade appears to have produced 
beneficial results for many academic departments and 
research facilities. For example, since 1982-83 there has 
been a steady decline in the percentage of respondents 
reporting that there were subject matters in which investi- 
gators could not perform critical experiments because 
needed equipment was lacking. Although a majority (56 
percent) of all respondents still reported inadequate 
instrumentation in 1993, it represented a decline from the 
74 percent of respondents who reported this limitation in 
the 1982-83 survey, and a further decrease from the 61 
percent who reported it in the 1988-89 survey. 


Use of Computers in Academic 
Research and Development 


It is difficult to find recent information about the use of 
computers in academic R&D. Many of the current surveys 
on research instrumentation concentrate on expenditures 
at the department level; therefore, purchases of computers 
used for research are most likely reported as expenditures 
for these disciplines (e.g., physics or chemistry) and not as 
computer expenditures. However, results of two recent 
surveys provide some indirect information about computer 
use in research or by academic researchers. The NSF/NIH 
National Survey of Academic Research Instruments and 
Instrumentation Needs (the instrumentation survey dis- 
cussed above) provides some information about shifts that 
appear to have occurred in the nature of the use of comput- 
ers in academic research. The U.S. Department of 
Education’s 1993 National Study of Postsecondary Faculty 
Survey provides information about faculty ratings of the 
quality of computer equipment and the number of 
research faculty with access to (or knowledge of) comput- 
er resources at their institutions. 

The instrumentation survey collects instrument-related 
data from a sample of academic science and engineering 
departments and nondepartmental research facilities. 
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Beginning with the 1988-89 survey, data were collected 
from both computer science departments and computer 
science facilities at a sample of 55 colleges and universities 
and 24 medical institutions. Differences in the expenditure 
data reported since the 1988-89 survey suggest that there 
has been a change in the structure in which computers are 
used in research at U.S. academic institutions. 

As a result of a 35-percent decline in expenditures for 
research instrumentation, as reported by computer sci- 
ence units (departments and facilities) in the 1992 sur- 
vey, follow-up analyses were conducted to understand 
the data more fully. These analyses supported the initial 
findings of the survey that the decline in expenditures 
for research equipment between 1988 and 1992 occurred 
only in computer research facilities and did not occur in 
computer science departments.” The analyses suggest 
that the decline in expenditures for the purchase of 
research equipment by computer science units is due to 
the existence of fewer large, centralized computer facili- 
ties devoted to research activities. The 1993 survey 
shows that expenditures in computer science depart- 
ments continued to increase, while expenditures in com- 
puter science facilities continued to decline. 

At present, no recent data are available to directly 
assess the reasons for the decline in the number of cen- 
tralized computer facilities used for research at academic 
institutions. However, in the years since the 1988-89 sur- 
vey was conducted, the computational powers of comput- 
ers have sharply increased while their cost has 
dramatically declined. The instrumentation survey's fol- 
low-up analyses suggest that this fundamental change in 
computing instruments, coupled with the rapid increase 
in networking access to off-site research computing 
power, has allowec inany administrators to move comput- 
er support for research away from an emphasis on large 
mainframe computers on each campus. Instead, focus 
increasingly has been on the purchase of many smaller 
and cheaper but very powerful computers now in the lah- 
oratories and offices of the researchers themselves, thus 
making computer access more responsive to their needs. 

A further indication of this change in research-equip- 
ment ownership patterns comes from a “needs assess- 
ment” question in the instrumentation survey. The 
department chairs and heads of facilities were asked to 
describe the topmost priority for research instrumenta- 
tion in their units and to give the approximate cost of 
acquiring that instrument. As an indication of the impor- 
tance of computers to research in all fields, 29 percent of 
all respondents listed some type of computer as their top- 
most priority instrument. The extent of top priority need 
for computers varied from highs of 99 percent for com- 


“The decline appears to have occurred because a significant num- 
ber of these facilities were beyond the scope of the survey in 1992. 
They were ineligible because they no longer existed, were not used for 
research, or did not have any research equipment originally costing at 
least $20,000 (a survey design minimum beginning in 1992). Radical 
design and price changes for computer equipment may confound any 
analysis of trends in the use of computers. 
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puter science, 37 percent for engineering, and 35 percent 
for the environmental sciences respondents, to a low of 
14 percent for the chemistry respondents. The cost to 
acquire the top-priority computers was $202 million or 21 
percent of the total cost of all first-priority items. 

In a related finding in the faculty survey, faculty, particular- 
ly S&E Ph.D. research faculty, had substantial access to com- 
puting capability, especially personal computers, at their 
institutions. Faculty members were asked to rate a number of 
facilities and resources at their institutions that were available 
for their own use during the 1992 fall term. These resources 
included personal computers, centralized (mainframe) con 
puter facilities, and computer networks with other institu- 
tions. There were five possible ratings: not available/not 
applicable, very good, goo’. poor, and very poor. Thus, the 
data from this survey provide information not only about fac- 
ulty perceptions of the quality of the three types of computer 
resources, but also about the extent to which faculty had 
access to (or knowledge of the quality of ) these resources. 

The survey indicates that faculty members with S&E 
Ph.D. degrees and with research as their primary activi- 
ty were most likely to have access to high-quality (rated 
good or very good) computing power. Over 96 percent of 
this group had access to a personal computer, over 87 
percent to a centralized computer facility, and about 86 
percent to computer networks with other institutions. 
About 87 percent of this group rated the personal com- 
puters at their institutions as good or very good; 71 per- 
cent had access to good or very good centralized 
computer facilities; and 71 percent also had access to 
good or very good computer networks with other institu- 
tions. This group of Ph.D. faculty researchers were more 
likely to have access to both all three types of computing 
facilities and to higher-quality computing facilities than 
faculty who were less active in research, had a non-S&E 
Ph.D. degree, or did not have a Ph.D. degree at all. Never- 
theless, a very high percentage of all faculty had access to 
computing facilities on their campuses. (See text table 
5-4.) About 91 percent of all full-time faculty members had 
access to a personal computer at their institution—71 per- 
cent to a high-quality personal computer. About 78 per- 
cent of this group had access to centralized computer 
facilities —61 percent to a high-quality centralized comput- 
er facility. About 73 percent also had access to computer 
networks with other institutions—about 50 percent to 
high-quality computer networks with other institutions. 


Human Infrastructure for Academic 
Research and Development 


This section discusses trends in the employment and 
characteristics of academic science and engineering doc- 
torate holders, with a short discussion on nondoctorates. 
(Two different data sources have been used for this sec- 
tion. See Data Sources: Nature, Problems, and Com- 
parability for a discussion of the surveys.) The central 
focus is on academic researchers—those who report that 
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Text table 5-4. 
Full-time faculty’s of computer equipment, by 
type of faculty and 1 
of hate man othe 
Personal with other 
faculty computers instns 
“Good” or “very good” rating 
Percent 

S&E doctoral faculty with 

research as primaryactvity.. 87.0 712 712 
S&E doctoral faculty who do 

some research. ......... 80.4 70.7 66.3 
All S&E doctoral faculty 79.8 69.6 64.9 
All doctoral faculty....... 75.9 672 60.5 
All faculty............. 71.3 61.3 50.4 

“Not available/not applicable” rating 

S&E doctoral faculty with 

research as primary activity. . 3.7 12.7 13.7 
S&E doctoral faculty who do 

somercssamh. ......... 4g 14.3 16.4 
All S&E doctoral faculty . . . 5.5 15.2 175 
Ali doctoral faculty....... 6.6 17.5 19.9 
All facuity............. 8.6 21.7 26.6 
NOTE: Choices for ratings were “not available/not applicable,” “very poor,” 
“poor,” “go"4,” and “very good.” 


research is part of their work responsibility”—their num- 
ber and characteristics, including field of degree, age, sex, 
race/ethnicity, and the extent of Federal support. Trends 
are examined in the reported primary work responsibility 
for research or teaching of S&E doctorates in regular fac- 
ulty positions. The interplay between teaching and 
research responsibilities is discussed and examined sepa- 
rately for major research universities and other institu- 
tions. Data are presented on the participation of graduate 
research assistants in academic R&D. The section con- 
cludes with a discussion of the faculty age structure.” 


“Data on doctoral scientists and engineers are derived from two 
sample surveys. The biennial SDR, conds:<cted for NSF by the National 
Research Council (NRC), covers science and engineering doctorate 
holders with degrees from U.S. institutions. The NSPF, conducted by 
the Department of Education's National Center for Education Statistics 
in 1988 and 1993, has broader field coverage and includes faculty at all 
degree levels. Data have been extracted from NSPF to approximate the 
SDR sample definitions. Estimates of academic doctoral employment 
for scientists and engineers agree very well with one another, as do 
estimates of doctoral researchers. Accordingly, NSPF data are used 
here to extend the analysis to nondoctorate researchers and to charac- 
terize researcher's teaching activities at the undergraduate and gradu- 
ate levels. Excluded from this discussion are 6,100 S&E doctorates 
employed in university-managed FFRDCs. 

‘\All data derived from the SDR are preliminary and subject to revision 
before this volume goes to print. The Survey of Doctorate Recipients 
(SDR), on which much of this section is based, underwent major 
changes in 1991 and 1993, making data from these years not strictly 
comparable with earlier estimates. Consequently, figures reported 
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Academic Scientists and Engineers 


In 1993, U.S. universities and colleges employed 
212,900 doctoral scientists and engineers, or 46 percent 
of the 465,800 employed in all sectors. (See appendix 
table 5-19.) Academic doctoral S&E employment was 
heavily concentrated in universities, medical schools, 
and 4-year colleges; only a small number of S&E Ph.D.s 
held positions in junior colleges. In the 4-year institu- 
tions, S&E employment included an additional 66,000 
professional degree holders (almost all in the health sci- 
ences and of whom about 15 percent alse had a doctor- 
ate degree) and 61,300 with a master’s or bachelor’s 
degree (chiefly in the life sciences, social sciences, math- 
ematics, and engineering). (See text table 5-5.) Seventy 
percent of the latter held faculty appointments, though 
generally not in the major research universities. In some 
fields, notably the life sciences and engineering, they 
were actively involved in research. 

The structure of academic employment changed grad- 
ually over the past 2 decades. (See figure 5-11.) Ph.D.s in 
traditional, full-time faculty positions” (171,800 in 1993) 
accounted for 81 percent of all doctoral academic scien- 
tists and engineers; 2 decades earlier, their fraction had 
been 90 percent. The shift resulted from somewhat 
faster growth in the number of full-time appointments 
outside the traditional faculty track, including postdoc- 
torates,* which rose from 8 to 16 percent. The part-time 
share fluctuated between 2 and 3 percent over the peri- 
od. (See appendix table 5-20.) 


here are rounded; only full percentages are reported, and modest 
changes should be discounted. For more detail, the reader should con- 
sult Data Sources: Nature, Problems, and Comparability. 

“Faculty are defined by rank and include full, associate, and assis- 
tant professors and instructors. 

“There is some evidence that responses to the postdoctorate ques- 
tion in SDR have been inconsistent over time. Apparent fluctuations in 
this series should be treated with caution. See also NRC (1995) and 
NAS (1995). 


Chapter 5. Academic Research and Development: infrastructure and Performance 


Academic Research Personne!l™ 


In 1993, approximately 149,800 doctoral scientists and 
engineers were engaged in academic R&D, along with 
10,500 who held professional degrees and 5,500 with 
S&E degrees at the master’s and bachelor’s levels. (See 
appendix table 5-19 and text table 5-5.) For doctoral sci- 
entists and engineers, this represents an increase of 
about two-thirds, compared with the 3&percent increase 
in employment since 1979. In fact, during the 1980s, a 
growing proportion of academic doctoral scientists and 
engineers had reported that research was their primary 
or secondary work responsibility, suggesting that the 
academic S&E workforce had become more research 
intensive in this sense. A comparison of earlier data with 
those from 1989, 1991, and 1993, however, suggests 
that this trend did not continue, but leveled off and may 
have changed direction. 

The highest levels of research participation (76 to 79 
percent) were reported by engineers and by life, environ- 


“The number of doctoral academic researchers was determined 
from SDR, based on responses to a question about primary and sec- 
ondary work activity. In 1991, this question asked: “From the activities 
listed below, select your primary and secondary work activities...in 
terms of time devoted during a typical week.” In 1993, it was deter- 
mined from the two activities that reportedly took most of the weekly 
work time. Because many faculty members who devote a substantial 
amount of time to R&D often consider another activity (e.g., teaching) 
as their primary work activity, those survey respondents who selected 
academic R&D as either their primary or secondary work activity are 
included in the discussion in this section. (For an examination of those 
with primary work responsibility for research, see Teaching and 
Research in this chapter.) The inclusion of both sets of respondents 
yields an amount approximately twice that when only those reporting 
R&D as their primary activity are counted. These headcounts should 
not be considered full-time equivalents. Nondoctoral S&E counts are 
estimated from NSPF. 

“The comparison is only a rough one because of the significant 
changes in the survey procedure and content in each of these years; 
see Data Sources: Nature, Problems, and Comparability. Nevertheless, 
a cautious assessment has been undertaken. 


Text table 5-5. 
Primary work responsibility of nondoctora! academic scientists and engineers, by type of degree and field: 1993 
Master's and bachelor's degrees Professional 
Field All Teaching All Teaching 
— Number — —— Percent ——— — Number — —— Percent 

Science and engineering, tote, ............ 61,300 72.5 9.0 66,031 35.5 15.9 
Physical science... .. =... eee 2,573 74.6 5.2 1,008 54.0 46.0 
Mathematics... cnn 6,487 89.9 43 388 63.4 36.9 
Computer science... 2 cee 2,953 82.6 79 244 100.0 0.0 
Environmental science .................. 930 89.4 0.0 196 0.0 54.1 
Biology and agriculture... eee 7,651 542 23.3 1,618 40.6 40.5 
Medical and health science* .............. 20,350 70.6 3.0 60,582 33.6 145 
PRED 0.000508 ced ae epowe ccctedess 4,562 71.0 126 402 64.9 9.7 
Social science... cee 9,316 79.6 5.6 1,080 68.4 16.2 
NLS sens onli dnb d de cdaehs cidke 6,478 65.3 20.6 512 746 25.4 


* in these fieids, clinical service is the primary responsibility of 16 percent of those without a professional degree and 40 percent of professional degree holders. 
SOURCES: Office of Educational Research ani improvernent, National Center for Educational Statistics. U.S Department of Education, 1993 Nationa! Study 


of Postsecondary Faculty. and NSF. unpublished tabulations. 
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Data used in this section to describe the employ- 
ment, characteristics, and activities of academic doc- 
toral scientists and engineers derive from two sources, 
the Survey of Doctorate Recipients (SDR) and the 
National Study of Postsecondary Faculty (NSPF). 

Much of the data on the academic employment and 
research activities are derived from SDR, a sample sur- 
vey jointly sponsored by NSF and other selected 
Federal Government agencies and conducted biennial- 
ly by the National Research Council (NRC). In 1991 
and 1993, SDR underwent several design changes as 
part of a larger effort to redesign NSF's science and 
engineering personnel survey system. These changes 
have affected the comparability of data from 1991 and 
later with those of earlier years.* 

Through 1989, the SDR sample included three major 
respondent segments: (1) persons who received Ph.D. 
degrees in science or engineering from a U.S. institu- 
tion; (2) holders of doctorate degrees in other fields 
and working in science or engineering at the time of 
the survey; and (3) persons who earned science or 
engineering Ph.D.s from non-U.S. institutions. The 
1991 and 1993 samples retained only those in category 
1. Moreover, in an effort to improve response rates 
within budget constraints, sampling strata and overall 
sample size were reduced. Other changes were made, 
including a 31-month interval between the 1989 and 
1991 surveys, compared with the usual 24 months. The 
reference period between the 1991 and 1993 surveys 
was 20 months. 

In the 1991 and 1993 surveys, a number of changes in 
the data collection methods were introduced, especially 
the use of computer-assisted telephone interviewing. 
These changes resulted in much higher response rates 
than previously had been attained. In turn, certain patterns 
found in the methodological analyses of these surveys led 
to some reestimation of previous values. Methodological 
work currently in progress may lead to additional reestima- 
tion (Moonesinghe and Mitchell, forthcoming). 


Data Sources: Nature, Problems, and Comparability 


Definitive statistical studies remain to be completed 
on the overall effects of these changes on the data 
themselves and the range of interpretations permitted 
by them. Preliminary investigation szgests that the 
SDR survey system permits analysis of trends, if the 
data are limited to respondents under category 1 
above. To obtain these estimates, the data in this sec- 
tion have been structured in accordance with sugges- 
tions offered by NRC's Office of Scientific and 
Engineering Personnel (OSEP). Nevertheless, the 
reader is advised that potentially interesting but small 
statistical differences should be treated cautiously. 

The National Study of Postsecondary Faculty 
(NSPF) 1993 was sponsored by the U.S. Department of 
Education and other Federal Government agencies 
including NSF. The survey frame was based on a sam- 
ple of about 31,400 faculty at 974 public and private 
higher education institutions. The survey covered 
individuals designated as faculty in these institutions, 
whether or not their responsibilities included instruc- 
tion, and those in other (nonfaculty) positions with 
instructional duties. (See National Center for Edu- 
cation Statistics, 1994b.) The survey covered faculty at 
all degree levels and in all fields and gathered infor- 
mation on a number of items, notably teaching respon- 
sibilities and activities, that exceeded the detail 
available from SDR. 

National estimates of doctoral scientists and engi- 
neers extracted from NSPF were found to agree with 
estimates derived from SDR for national totals and 
with results from the break down of the data by sex, 
field, and institution type. Accordingly, data from 
NSPF have been used to supplement information 
drawn from SDR. 


*For more detail on individual surveys, see the technical notes in 
SRS (1995f) and the methodological volumes issued by OSEP to 
accompany each survey report. 


mental, and computer scientists. Those in mathematics, 
the social sciences, and psychology reported the lowest 
levels, ranging from 60 to 67 percent. In general, women 
were somewhat less likely than men to report research 
responsibility. (See appendix tabie 5-19.) 

The field composition of academic doctoral researchers 
has changed little over the years, largely reflecting mod- 
est composition shifts in the academic workforce. In the 
1993 distribution, life sciences researchers remained the 
largest group by maintaining their 35-percent share of the 
S&E total. (See figure 5-12.) The number of researchers in 
the physical sciences grew slightly slower than in other 
fields, and its share declined from 17 to 13 percent. 


Mathematics also lost some of its share, while the social 
sciences gained. (See appendix table 5-19.) 


Graduate Students in Academic 
Research and Development 


In 1993, a record 89,700 fulltime S&E graduate stu- 
dents received their primary support from research 
assistantships (RAs).” This amounted to 27.2 percent of 


“Chapter 2, Higher Education in Science and Engineering, contains 
a more detailed discussion of graduate enrollment and support in the 
sciences and engineering. The discussion here focuses solely on stu- 
dents, regardless of citizenship status, whose primary support mecha 
nism is research assistantships from any source 
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the total fulltime enrollment. Barely half of these RAs 
(13.4 percent) were supported by Federal Government 
funds, the remainder (13.8 percent) received their sup- 
port from other sources. (See appendix table 5-21.) 

The largest number of graduate RAs was found in the 
life sciences and in engineering, each with nearly one- 
third of the total, followed by the physical and environ- 
mental sciences, with a combined share of just under 20 
percent. (See appendix table 5-22.) By field, graduate 
RAs with Federal and nonfederal support were distribut- 
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ed differently. Relatively more of the nonfederal RAs 
were in engineering (33.3 versus 28.5 percent for feder- 
al) and in the social and behavioral sciences (19.3 versus 
6.7 percent). Federal funding was more heavily concen- 
trated in the physical and environmental sciences (27.5 
versus 10.7 percent for nonfederal). 

Full-time graduate enrollment grew from 238,500 in 
1980 to 330,200 in 1993. Over the same period, the num- 
ber of students supported by RAs grew more rapidly, 
from 51,600 to 89,700. At the same time, the number of 
RAs funded from nonfederal sources rose most rapidly 
and more than doubled between 1980 and 1993. 
Federally funded RAs also increased by 50 percent over 
the same period. (See figure 5-13.) Thus, the proportion 
of all fulltime graduate students supported by federally 
funded RAs has essentially been stable (around 13 per- 
cent) since 1987. In contrast, the nonfederal fraction 
increased from just over 9 percent in 1980 to about 14 
percent in 1988 and has fluctuated around that value 
since then. (See appendix table 5-21.) 

The field distribution of graduate research assistants was 
not identical to that of doctoral researchers. (See figure 
5-14.) Engineering and the computer sciences appear to 
have moved toward the extensive integration of research 
and education, as evidenced by their use of research assis- 
tants, while mathematics, the social sciences, and psycholo- 
gy made relatively little use of them. (See text table 5-6.) 
The computer sciences ratio may be overstated. The 
researcher data are based on field of degree, which, for this 
new field, considerably understates the number of people 
actually working and doing research in it. (Field of employ- 
ment data are unavailable for 1993.) Data for earlier years 
suggest, however, that research in this field is quite gradu- 
ate-student intensive, relative to other fields. 
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See appendix table 5.22. 
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Teaching and Research 


In recent years, concern has been expressed that uni- 
versity faculty may “unduly” be focusing on research at 
the expense of teaching. The extent to which faculty 
members who devote a substantial portion of their time 
to research are also engaged in teaching has become the 
subject of debate, especially as it relates to their involve- 
ment with undergraduates. A detailed snapshot for 1993, 
drawn from NSPF, addresses the question: “How do full- 
time doctoral science and engineering faculty with sub- 
stantial research involvement allocate their time between 
teaching, research, and other functions, and how does 
their employment setting influence these patterns?” 

Full-time doctoral S&E faculty members are classified 
by their major activity, according to the respondent's 
reported weekly time budget.” (See appendix table 5-23.) 
Data describe the number of students taught during the 
1992 fall semester, the aggregate number of student 
hours, by level, and the average percentage of time spent 
on teaching and research, along with per-faculty averages 
on those measures. Data are presented separately for fac- 
ulty in all types of institution and for faculty in research 
universities (based on the 1993 Carnegie classification). 

The average faculty member (in all types of institu- 
tion) spent about 44 percent of his or her weekly work 
time on teaching and about 32 percent on research. The 


"Data from SDR and NSPF agree quite well when they are broken 
down into those primarily engaged in research, teaching, and other 
activities. The data discussed here are limited to fulltime faculty—full. 
associate, and assistant professors, and instructors—since the issue is 
the interplay between research and teaching for those in regular facul 
ty positions. For consistency with the 1993 SDR survey practice, major 
work activity was defined based on the distribution of work time, by 
function. In the data drawn from NSPF, those classified under research 
were defined as spending most time on research, plus those spending 
as much time on research as on teaching if both summed to more than 
60) percent of weekly work time 
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Field assistants researchers 
Science and 
engineering, total... .. 89,729 149,848 599 
Sciences, total........ 61,952 132,320 468 
Physical science... .. 12,246 20,028 611 
Mathematics........ 1,395 9,517 147 
Computer science.... 3,747 1,998 1,875 
Environmental science.. 4,788 5,015 955 
Life science ........ 28,036 51,765 542 
Psychology ........ 4,500 14,931 1 
Social science ...... 7,240 29,066 248 
Engineering ......... 27.777 17,528 1,585 
RA = rescarch assistant 
See appendix tabies 5-19 and 5-21. 
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faculty member taught an average of 69 students for 7 
credit hours per semester (a litthe more than two cours- 
es). Of these, 5 credit hours were devoted to undergrad- 
uate instruction (54 students) and the remainder to 
graduate-level courses. 

Faculty members whose major activity was research 
spent 59 percent of their time researching and 22 per- 
cent teaching anc taught an average of one course 
involving 48 students (29 undergraduates and 19 gradu- 
ate students, with the teaching load split fairly evenly 
between them). (See footnote 37.) 

About 40 percent of these faculty members, however, 
taught one or more undergraduate course in the fall of 
1992; the others had no undergraduate teaching respon- 
sibility during that period. those who taught undergrad- 
uates spent nearly one-third of their time on teaching 
duties and just under half on research. In contrast, those 
teaching only graduate students spent 17 percent of their 
time teaching (averaging 2 semester hours and 26 grad- 
uate students) and 65 percent on research. 

Not surprisingly, this differentiation of work responsi- 
bilities among those with substantial time investment in 
research had some effect on published output as well. 
Those with undergraduate teaching responsibilities pub- 
lished fewer than five articles over a 2-year period; those 
without wrote more than six articles. 

Seventy percent of the research faculty (as defined 
here) were employed in research universities,” which 
raises the question of whether the observed differences 
could be a function of the employment setting. One 
could reasonably expect these faculty members’ time 
budgets for research and teaching to differ from those of 
their colleagues in comprehensive institutions and 4-year 
colleges. Instead, surprisingly little difference existed 
across these institutional boundaries in the number of 
hours taught, size of undergraduate classes, and the 


“Based on the 1994 Carnegie classification 
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Figure 5-15. 
Selected teaching and research indicators for full-time doctoral S&E faculty whose primary activity is 
research: 1993 
Faculty with no undergreduate 
Faculty who taught undergradustes teaching responsibilities 
Number of students 
Graduate 
® Research unversitves @ Research universities 
B® Other academic mstitutions @ ther academic institubons 
Number of publications 
Percent of time 
1 
Research 
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See appendix table 5-23. 


number of graduate students. The defining feature of 
this comparison is the lack of contrast. (See figure 5-15.) 
The picture that emerges is quite clear. Research faculty 
also teach. A good many of them teach undergraduates. A 
division of labor is apparent between the teaching and the 
research faculty (as defined here), as well as among the 
latter. Finally, these patterns are not significantly condi- 
tioned by the type of academic institution. Almost all 
research faculty, regardless of institution type, taught 
some courses in the fall semester of 1992, with about one- 
third of them teaching undergraduate courses, but the 
majority primarily taught graduate-level courses. In fact, in 
the aggregate, the research faculty taught about as many 
graduate students as the (numerically larger) teaching fac- 
ulty. In contrast, of all undergraduate semester hours 
taught, the teaching faculty accounted for 80 percent. 


Primary Work Responsibility 


This analysis can be supplemented by an examination 
of a shift in reported academic work responsibilities over 
the past 2 decades. Full-time doctoral academic S&E fac- 
ulty are vroken down by reported primary work respon- 
sibility: teaching, research, and all other types of 
function. (See figure 5-16 and appendix table 5-24). 


‘Based on fulltime faculty only, defined as full, associate, and assis 
tant professors, and instructors. Responsibility for research includes 
development and design, but excludes management of RAD. This infor 
mation was not available in 1993 and was included with “other” for all 
vears. Postdoctorates, research associates, and other fulltime nonfa 
ulty appointments are excluded. Data are derived from SDR 


nme wD OH SD © 70 8 BB 100 
Number (or percent) 
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A long-term composition shift is evident. While the num- 
ber of those reporting teaching as their primary respon- 
sibility remained relatively constant during the 1980s, 
those choosing research continued to increase. The 
resulting relai:ve growth in the research function (from 
19 percent in 1973 to 33 percent in 1993) contrasts with a 
relative decline in the proportion—but not the number— 
of those reporting primary responsibility for teaching 
(from 69 to 53 percent). The fraction of those with 
“other” primary work responsibilities (including 
research management) has fluctuated between 12 and 17 
percent, with no clear trend evident. 

These trends have to be set in context. Through 
1989, both faculty and nonfaculty employment of doc- 
toral scientists and engineers expanded; then faculty 
employment leveled off. (See appendix table 5-20.) 
Total enrollment in S&E for selected years and S&E 
degrees are compared (see text table 5-7), as are the 
number of doctoral scientists and engineers reporting 
teaching as their primary responsibility (“teachers;” 
others are not shown in the table). It is evident that the 
number of teachers (as defined), while fluctuating, has 
increased very little since 1981; enrollment may have 
declined somewhat, but degree production has not 
declined. In fact, the rough ratios of degrees to teach- 
ers (as defined) and enrollment to teachers shown in 
the table, have been quite stable. These figures sug- 
gest that the teaching function has not suffered, even 
as academic institutions proceeded to employ more 
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S&E doctorates who viewed research as their primary 


Figure 5-16 work responsibility. 

Distribution of full-time S&E academic doctoral In fact, half or more of all full-time faculty with re- 
faculty, by primary work responsibility search as their primary responsibility spend the next 
Cumulative percent largest portion of their time teaching. (See figure 5-17.) 
100 Only a small fraction of full-time faculty report research 


as their primary and secondary endeavors (e.g., report- 
ing basic research as their primary and applied research 
as their secondary work responsibility). 

The employment shifts described here have affected 
all fields.*! The shifts are especially prominent in the life 
sciences, which have received about 55 percent of all 
academic R&D funds through the years. Just over one- 
third—36 percent in 1993—of full-time doctoral faculty in 
these fields reported teaching as their primary responsi- 
bility, compared with 54 percent 2 decades earlier. In 
contrast, the fraction identifying research as their prima- 
ry responsibility increased from 32 percent to 48 percent 
over the period, the highest in any field. Similar trends 
can be observed in the physical and environmental sci- 
ences. (See appendix table 5-24.) 
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“These figures are derived from the 1993 SDR, which does not pro- 
vide further information on this point, but see the discussion in suc- 
ceeding paragraphs. 

‘\—Data for the computer sciences are ambiguous, as a result of thé 
small numbers involved. As a relatively new field, it may behave some- 
what differently from the more established ones, but it is unlikely to be 
sheltered entirely from these pervasive developments. 


S&E = science and engineering 
See appendix table 5-24. 
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Text table 5-7. 
Enroliment, degree production, and S&E doctoral faculty with primary responsibility for teaching 
Degrees S&E doctoral facility Degrees/ Enroliment/ 
in S&E who say teaching is in S&E teachers teachers 
primary duty 
Number ———Riatio——— 
PT bsbsheecbeh en 6decedeuneseueaeees 424,288 73,171 - 6 - 
66506000660 02n0600¢000 c0400000%k be 434,639 83,782 - 5 - 
Arr Prerrrrc et rs dors 439,622 - 1,184,000 - 14 
PST TETETE TTT re ra 440,514 82,056 - 5 - 
BN obedesccencéieedesebbavessteenenn 442,869 - 1,231,000 - 15 
DD y o.b'e006nn ees 64s 0tacaeeeaaaeeseun 443,248 83,433 - 5 - 
PD cwtn 006 thee 0ndsaeedesanaaneiesa 446,450 - 1,326,000 - 15 
St 6604000006006 4e0kdaseebeweretanes 450,621 95,388 - 5 - 
PPT Tre ree et re ier 460,173 97,123 ~ 5 - 
SP RGGH.c pbb 0 veces dkedds bb dddENe ES OS 467,510 - 1,103,000 - 11 
Sn 64500 s0enesnocses iinankeeee 477,404 100,485 ~ 5 - 
BD ik 0.c'0'b4 004650 4.060000 pate dhneeten 483,345 - 1,030,000 - 10 
DEE & 006 3i000400 00. bbeneeeebnsieeae 479,273 98,530 - 5 - 
TD 0 0h 6.0-0.4000.6509 60 0000bb006 4n00ooa08 469,826 - 976.00 - 10 
i SPP rivritriT. fe te! 471,858 99,941 - 5 - 
Dy 660¥ss600b0n0as 0b s0seeebebeseceal 490,341 102,557 - 5 - 
SE + no00o chins do ekied es seeds eee 538,883 97,729 - 6 - 
— = Not provided 


NOTES: Degrees are bachelor's pius master's. Enrollment is total enroliment as reported to U.S. Department of Education. The number of teachers is derived 


from SOR respondents who described teaching as their primary responsibility. 
SOURCE: National Science Foundation, CASPAR data base, special tabulations. 
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Women in Academic Research 
and Development’ 


The overall academic employment of women with 
Ph.D.s in S&E more than doubled from 1979 to 1993, 
jumping from 19,200 to 46,500. Over the same period, 
the number of women active in R&D tripled, increasing 
from 10,200 to 30,500. (See appendix table 5-19.) Be- 
cause of this high growth rate, women made up 20 per- 
cent of all academic researchers in 1993, compared with 
11 percent in 1979. (See appendix table 5-25.) 

The rise in the proportion of women researchers was 
roughly in line with the increase in women’s share of 
academic employment. In 1993, women constituted 22 
percent of all academic doctoral scientists and engi- 
neers. This share varied by field, from a high of 41 per- 
cent in psychology and 28 percent in the life sciences, to 
less than 5 percent in engineering (but up from 1 per- 
cent in 1979). The physical and environmental sciences 
and mathematics also had relatively low percentages 
(between 10 and 11 percent). 

In 1993, 40 percent of all women were employed in the 
life sciences, as were 44 percent of all female re- 
searchers. (See appendix table 5-19.) Relatively large 
proportions of women, compared with men, were also 
found in the social sciences and psychology. These three 


“The discussion herein is succinct and focused because a report, 
providing for more complete coverage, has just been published. See 
SRS (1994d). 
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areas accounted for 85 percent of all women researchers 
in 1993, compared with 58 percent of all men. 


Minorities in Academic Research 
and Development* 


The absolute number of minority researchers in 
academia remains low for all groups except Asians. In 
1993, there were approximately 2,900 blacks; 3,600 
Hispanics; and perhaps 700 Native Americans in aca- 
demia. (See appendix table 5-26.) This compares with 
1979, when the combined number of underrepresented 
minorities was 2,500. Growth among researchers during 
the period went hand in hand with growth in academic 
employment: from 1,950 to 4,800 for blacks; 2,300 to 
5,000 for Hispanics; and 600 to 1,000 for Native Ameri- 
cans. The increases in these employment numbers are 
quite consistent with the number of minority Ph.D.s pro- 
duced since the late 1970s. 

Over the period, the relative employment gains (and 
associated growth in researchers) have been greater for 
underrepresented minorities than for majority doctorate 
holders. Employment of underrepresented minorities 
doubled (from the very low base noted earlier) from 
1979 to 1993, and the number of researchers from under- 
represented groups tripled. Gains for specific fields var- 
ied, with the physical, environmental, and life sciences 
broadly ranging around the S&E total, and with mathe- 
matics, the computer sciences, psychology, and engi- 
neering exceeding it. (See appendix table 5-26.) 

As a result, underrepresented minorities in 1993 com- 
prised about 5 percent each of total employment and aca- 
demic researchers, with the social and computer sciences 
slightly above (about 7 percent) and the environmental 
sciences and engineering lower than this average. 

Asian doctorate holders made substantial gains in aca- 
demic employment and among doctoral researchers. 
Employment rose from 9,800 in 1979 to 21,000 in 1993, 
while the number of researchers rose from 7,000 to 
17,600. Asians now comprise 10 percent of academic 
S&E employment and 12 percent of all doctoral re- 
searchers. They are heavily represented in the field of 
computer sciences (which accounts for 30 percent of 
total Asian academic employment and 36 percent of all 
Asian researchers) and engineering (which accounts for 
20 and 24 percent, respectively). In every field but the 
environmental and social sciences, a greater proportion 
of Asian doctorate holders is active in research than any 
other group, exceeding them by at least 10 percentage 
points. (See appendix tables 5-25 and 5-26.) 


Federal Government Support 
of Academic Researchers 


The extent of Federal Government support to academ- 
ic researchers is of perennial interest. In 1993, 38 per- 
cent of the academic doctoral scientists and engineers 


“See SRS (1994d) for a more detailed discussion. 
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responding to SDR reported receiving funding from the 
Government during the week of April 15. (See appendix 
table 5-27.) This number cannot easily be compared with 
those from earlier years (50 percent in 1989 and 51 per- 
cent in 1991), which were based on a year-long reference 
period.“ 

The U.S. Department of Education’s 1993 faculty sur- 
vey (NSPF) also asked about Federal Government sup- 
port. The NSPF estimate of the number of doctoral 
scientists and engineers in academia and its estimate of 
the number of researchers agree very well with those 
derived from SDR. Fifty-one percent of NSPF’s science 
and engineering doctorate holders reported having 
Federal Government funding in the fall semester of aca- 
demic year 1993, in line with earlier SDR estimates based 
on year-long reference periods. This estimate, when 
taken together with information presented earlier 
regarding the growth in Federal funding, suggests that 
no major changes have occurred in the number or pro- 
portion of researchers supported with Federal funds. 
This tentative conclusion is further bolstered by the lack 
of fluctuation in the number of federally funded research 
assistants in 1993, relative to earlier years. 

Notable field differences exist in the proportion of 
researchers with Federal support.* The proportions for 
the life, environmental, and physical sciences and engi- 
neering lie above the S&E average. Those for mathemat- 
ics, psychology, and the social sciences fall clearly below 
the mean. (See figure 5-18.) 

It has been observed anecdotally in recent years that 
obtaining Federal support is becoming more difficult. 
Some evidence from SDR has indirect bearing on this 
assertion. A growing fraction of academics with Federal 
Government support have to obtain it from more than a 
single agency. (See appendix table 5-28.) This trend can 
be observed in most fields. Those with the highest levels 
of multi-agency support are the environmental and com- 
puter sciences (at above 40 percent) and engineering 
and the physical sciences (at above 30 percent). Single- 
agency support is most prominent in the life and social 
sciences, psychology, and mathematics. 


“Indirect evidence that the extent of support is understated can be 
gleaned from the number of senior scientists and postdoctorates sup- 
ported by NSF grants. This number is published annually as part of 
NSF's budget submission. It bears a relatively stable relationship to 
numbers derived from SDR in 1987, 1989, and 1991, but diverges 
sharply from those in 1993. (The figures are never identical, however, 
since NSF’s numbers reflect those funded in a given fiscal year, while 
SDR’s numbers reflect those with support from NSF, regardless of 
when it was awarded.) 

“The relative field shares of federally supported researchers appear 
to be stable across recent survey years (i.e., they are relatively unaf- 
fected by changes in the survey). The distribution (but not the magni- 
tudes) based on NSPF estimates is quite similar. 
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The Changing Age Structure 
of the Academic Faculty 


The rapid pace of hiring into academic faculty posi- 
tions, created during the 1960s and into the early 1970s 
to accommodate soaring enrollments, resulted in a pecu- 
liar phenomenon: an aging professoriate. (See figure 
5-19.) The proportion of all full-time faculty in a given 
year and at a given age category shows their progressive 
aging. (See appendix table 5-29.) A noteworthy feature of 
these data involves the upper tail of these age distribu- 
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See appendix table 5-29. 
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tions. The fraction of the total faculty encountered 
beyond age 65 is less than 2 percent (i.e., academics 
tend to retire at or before that age).*° 

The median and mean ages of doctoral faculty show a 
clear trend: a notable change after 1989, with a flattening 
of a long upward trend. (See figure 5-20.) The result of 
this change on the age structure of full-time faculty can 
now be interpreted in light of the number of full-time S&E 
faculty, which had consistently grown since the early 
1970s through 1989, but has changed little since then. 
(See figure 5-21.) During the years of gradual growth, the 
average faculty age climbed from 42 to 47 years, then lev- 
eled off. The age distribution of full-time faculty through- 
out the past 2 decades clearly shows that very few remain 
in active full-time faculty appointments past the age of 
65.‘ Thus, these data suggest that for the system as a 
whole, though not necessarily for any given department 
or institution, a rough balance has been maintained 
between attrition from all causes and hiring. However, 
the gradual replacement hiring suggested by the data 
from 1989 onward contrasts with the preceding decade 
and a half, when hiring into full-time faculty positions 
increased at a fairly steady rate, and when smaller num- 
bers of doctorates were awarded than in recent years. 


“These data are based on SDR. One change in 1991 was to exclude 
anyone older than age 75 from the sample. The data here have been 
adjusted for all years to take account of this change. In any case, there 
never were more than a tiny number of persons fully employed in -ac- 
ulty positions at or beyond that age. 

‘A recent NAS study of the likely effects of changes that eliminated 
the enforcement of age-related retirement provisions concluded that 
faculty at the major research universities would likely remain active 
well beyond the normal retirement age. It is too soon to offer solid evi- 
dence on this issue, except to note the 1993 age distribution of faculty 
in the Carnegie research institutions did not differ greatly from the 
national average. The present discussion merely establishes that, for 
the system as a whole, most academics have retired from full-time pro- 
fessional employment by the time they have reached age 65. 


Figure 5-20. | 
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Article Outputs 
from Scientific Research 


This section deals with the published outputs of natu- 
ral science and engineering research, specifically, arti- 
cles published in refereed journals. It places the United 
States in the context of other countries contributing to 
the world scientific literature and examines that litera- 
ture by field. The discussion is organized around four 
broad foci that involve an examination of: (1) the sheer 
output volume of research (by country and field and, in 
the case of the United States, by sector), using article 
counts as the indicator; (2) collaboration in the conduct 
of research (cross-sectoral and international totals) 
using multiauthor articles as the indicator; (3) the use of 
research outputs in further scientific activities (interdis- 
ciplinary, intersectoral, and international), using citation 
patterns as the indicator;** and (4) citations on patent 
applications to this literature, as an indicator of its pre 
sumed practical utility. 

The data base consists of scientific and engineering 
articles published in the set of 4,681 natural science and 
engineering journals covered by the Institute of Scien- 
tific Information’s (ISI) Science Citation Index (SCI). SCI 
covers major refereed scientific and technical (S&T) jour- 
nals from around the world.” It classifies journals, and 
the articles appearing in them, into 99 subfields under 8 
broad fields (see appendix table 5-30): 


@ Biological sciences (751 journals), 
Biomedical sciences (636 journals), 
Clinical medicine (1,425 journals), 
Chemistry (422 journals), 

Physics (307 journals), 

Earth and space sciences (283 journals), 


Mathematics (169 journals), and 
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Engineering technologies (688 journals). 


“Other uses of publication and citation data have included the delin- 
eation and development of scientific specialties, connections among 
disciplines, and attempts at characterizing scientific quality or the rela- 
tive scientific merit of countries, regions, institutions, departments, 
research teams, and investigators. Some of these applications are con- 
troversial; none of them is undertaken here. 

“The data base encompasses the natural sciences and engineering. 
The social and behavioral sciences tend to rely more on publications 
vehicles not covered by ISI (e.g., books and monographs). For this rea- 
son, these fields are omitted from the present discussion. The data base 
also excludes letters to the editor, news pieces, editorials, and other 
content whose central purpose is not the presentation or discussion of 
scientific data, theory, methods, apparatus, or experiments. ISI periodi- 
cally updates its journals coverage, based in part on references in cov- 
ered publications to others not yet included. Given this citations-based 
updating, one can conclude that ISI provides reasonably good coverage 
of a core set of scientific journals (albeit with some English language 
bias), but not necessarily of all that may be of local or regional impor- 
tance. The last point may be particularly salient for the engineering 
technologies category and for nations with a small science base. 
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1973 1975 1977 1979 1981 


1963 1985 1987 1989 1991 1983 


Number of full-time faculty 


1973 1975 1977 1979 1981 


1985 1987 1989 1991 1993 


103,099 116,291 125,459 130,722 141,476 


147,762 


156,335 163,767 168,811 172,143 171,818 


See appendix table 5-29. 


Article Outputs, by Country 

The article counts reported here indicate the sheer 
volume of scientific publishing in a given field and coun- 
try, as reflected in this set of core journals. These counts 
cannot be interpreted in a straightforward fashion as 
comparative indicators of scientific productivity (e.g., for 
field-to-field or country-to-country comparisons) or of sci- 
entific quality. They reflect the size of scientific fields, 
their differing publishing conventions, and, probably, 
national differences in scientific publishing practices as 
well. Thus, the focus of this section is on broad trends 
and relationships. 

In 1993, SCI recorded a world total of 414,000 science 
and engineering articles. As in previous years, in 1993, 
the United States contributed the largest fraction (34 
percent), by far, of all articles. (See appendix table 5-31.) 
Other major article-producing countries were Japan (9 
percent), the United Kingdom (8 percent), Germany (7 
percent), and France (5 percent). (The former Soviet 
Union contributed about 5 percent of the total.) No other 
county's production exceeded 5 percent. (See appendix 
table 5-32.) The broader regional distribution of these 
articles includes North America (38 percent); Western, 
Northern, and Southern European countries (34 per- 
cent); the former Soviet Bloc countries (8 percent); and 
Asia (14 percent). (See figure 5-22.) 
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The number of scientific articles worldwide (in this set 
of journals) grew at an average rate of roughly 1 percent 
per year,” from about 369,000 in 1981 to 418,000 in 1993. 
As one would expect, given these large numbers, the 
overall distribution among countries has generally not 
changed dramatically, with some exceptions. 

The number of U.S. publications rose from about 
132,000 in 1981 to 141,000 in 1993, but the U.S. share of 
world articles declined moderately, from 36 percent in 
1981 to 34 percent in 1993, reflecting relatively more 
rapid growth in the publications output of many other 
nations. (See appendix table 5-32.) 

Some countries’ publications output actually declined. 
The number of articles from countries of the former 
Soviet Union, as well as from former members of the 
Soviet Bloc, fell over the period, leading to a decline in 
their world share from 11 to 7 percent. India had a 
notable drop off in article output, falling by 28 percent 
between 1981 and 1993. Consequently, its world share 
declined from 3 to 2 percent. 

One can only speculate about the reasons behind these 
declines. In the case of the former Soviet Bloc nations, it 


“Recent unpublished work by Zvi Griliches and James Adams, 
based on ISI's expanding journals set, suggests that the “real” growth 
rate may be higher. However, it is unclear to what extent this higher 
rate reflects expanded coverage by ISI, as opposed to a real expansion 
in scientific article production 
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Distribution of articles in worid scientific journals, by region: 1993 


South, Central America 2% 


East, Southeast Asia 12% 


Other Asian nations 2% 


Pacific Ocean states 3% 


Middie East 1% 
Africa 1% 


Former Soviet Union 6% 


Former Soviet Bloc 2% 
Southern Europe 3% 


Northern Europe 4% 


Western Europe 27% 


See appendix table 5-32 


would be a mistake to conclude that the collapse of this 
alliance led to the observed decline in published output. 
Articles reflect work done one or more years earlier, and 
the observed decline in publishing was gradual and cov- 
ered the entire period. It is more likely that relative politi- 
cal and scientific isolation, combined with economic 
difficulties, affected the conduct of scientific research. 
India has a sizable science and engineering base, thus, 
the drop in its articie output, from 11,700 to 8,000, pre- 
sents a genuine puzzle. (See Chapter 2, Higher Education 
in Science and Engineering.) Does this observed decline 
accurately reflect the country’s current article output vol- 
ume? Or, conversely, does it represent a shift toward 
domestic publication vehicles serving an increasingly 
mature scientific and engineering infrastructure? 
Southeast Asia's emergence as a potent, high-technol- 
ogy economic region has been noted.’' The region is 
also growing increasingly prominent in world article out- 
put, indicating an expansion of its indigenous basic sci- 
ence base. In littke more than a decade, its world article 
share rose from about 7.5 to 12 percent. (See appendix 
table 5-32.) The article volume of the newly industrial 


The emergence of these Asian countries in high-tech economik 
activity is described in SRS (1995c). The expansion of their education 
activities in science, engineering, and technology are described in SRS 
(1993) 
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ized economies (NIEs)—South Korea, Hong Kong, 
Taiwan, and Singapore—grew from about 1,000 in the 
early 1980s to more than 6,000 in 1993, with continuing 
strong growth.” The growth in China’s volume of arti- 
cles (from 1,100 in 1981 to 5,000 in 1993) is equally 
impressive. In terms of world share, this growth roughly 
represents a rise, over the period, from 0.3 percent to 1.5 
percent of the total each for the combined NIEs and for 
China. In addition, Japan expanded its already strong 
article output from 25,100 in 1981 to 36,700 in 1993 and 
raised its world share from 7.0 to 9.5 percent, making it 
the second-largest contributor to this article data base. 
Other countries in the region produced fewer articles 
and had more modest, but still robust, growth rates. 
Western Europe experienced a modest increase in its 
world share, largely as a result of the strong growth in 
the number of publications in its southern-tier countries. 
For the major Western European countries, the general 
pattern was one of modest growth (increasing by no 
more than 20 percent) from 1981 to 1993 (.e., generally 
in line with overall growth patterns. Growth rates for 
Italy, the Netherlands, Norway, and Greece were 
stronger, ranging from 30 to 75 percent. Article output 


‘This is a rough estimate because Hong Kong's articles before 1987 
were included in China’s total. The estimate assumes that Hong 
Kong's growth rate in the early 1980s was lower than that of the other 
NIEs (Le. this is a conservative estimate) 
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rose by over 200 percent in Spain and Portugal; this is 
very likely the result of these countries’ stronger eco- 
nomic and political integration into the European com- 
munity and their increased investment in R&D. 


Distribution of Articles, by Field 


The life sciences accounted for the bulk (56 percent in 
1993) of articles in the SCI data base. (See appendix table 
+31.) In the broad field breakdown of these articles, the 
single largest category, clinical medicine, contributed 31 
percent of all publications; biomedical research, 17 per- 
cent; and the biological sciences, another 8 percent. (See 
figure 5-23.) The physical, earth, and space sciences 
accounted for 35 percent of the total: 16 percent for 
physics, 14 percent for chemistry, and 5 percent for 
earth and space sciences (which, in this data base, 
include environmental sciences and astronomy). Seven 
percent of the articles were classified as engineering and 
technology and 2 percent as mathematics and statistics. 

The field distribution of these articles has shifted 
somewhat since the early 1980s, but the changes have 
been gradual, because of the large number of articles 
published each year. (See appendix table 5-31.) Within 
the life sciences, the biological sciences lost some of its 
share while biomedical research gained, suggesting a 
gradual shift in research focus. Biological sciences arti- 
cles, which accounted for 10.7 percent of the total in 
1981, declined to 8.1 percent in 1993, while biomedical 
research articles increased from 15.0 to 16.7 percent of 
the total. Physics articles also gained in share, rising 
from 12.4 percent to 15.4 percent of the total over the 
period. Mathematics, chemistry, and engineering and 
technology had offsetting marginal losses in share. 


The United States in the International Context 


In 1993, 141,000 U.S. articles (up from 132,000 in 1981) 
were published in the world’s influential S&T journals. 
(See appendix table 5-31.) This accounted for 34 percent 
of the world publications volume in 1993. The U.S. share 
of world publications, by broad field, indicates that U.S. 
contributions in chemistry and physics were well below 
the average. (See figure 5-24.) The 13,300 U.S. chemistry 
articles in 1993 accounted for 23 percent of the world’s 
total; the 16,900 physics articles accounted for 27 per- 
cent. Fields in which the U.S. share exceeded the U.S. 
average were the earth and space sciences (41 percent), 
clinical medicine and biomedical research (39 percent), 
and mathematics (39 percent). 

The U.S. share of the world’s S&E articles has been 
declining gradually but steadily. (See appendix table 5- 
31.) This downward trend, already evident in the early 
1970s, reflects the continuing expansion of S&E research 
activities of countries around the globe. This overall 
trend obscures field differences. In physics (a field 
which gained in world share between 1981 and 1993), 
the volume of U.S. publications grew by about 30 percent 


See appendix table 5-32. 
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See appendix table 5-31. 
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over the period, but the U.S. share declined because of 
even stronger growth in the volume of publications by 
other nations. The U.S. share in engineering and technol- 
ogy fields dropped by 6 percentage points, from 41 to 35 
percent, while its shares of articles in the biological sci- 
ences, clinical medicine, and in the earth and space sci- 
ences declined more gradually. U.S. chemistry 
publications, on the other hand, rose gradually from 20 
to 23 percent of the world’s total. 


ALG 


5-34 ¢ 


Differences in Field Distribution 
Among Nations 


The results of nations’ implicit and explicit policy 
choices about the distribution of their support for sci- 
ence across S&E fields are reflected in the data at hand. 
(Compare with appendix table 5-33.) They show that 
nations have very different patterns of scientific activity 
and that these patterns change over time. 

Very different mixes of articles are evident for select- 
ed countries. (See figure 5-25.) The U.S. pattern shows 
relatively greater emphasis than the world average on 
clinical medicine, biomedical research, and the earth 
and space sciences, and relatively lower emphasis on 
chemistry and physics. Germany, France, and Italy have 
roughly similar patterns: relatively more emphasis on 
chemistry, and especially physics, and less emphasis on 
the medical and life sciences.’ This same pattern is evi- 
dent for Asian countries, but in heightened form: much 
lower emphasis on the life and medical sciences, consid- 
erably greater emphasis on the physical sciences, and a 
strong emphasis on the engineering and technology 
fields. Publishing patterns in the former Soviet Union 
and its former Eastern European allies show a heavy 
emphasis on chemistry and physics and a very low 
emphasis on clinical, biomedical, and biology research, 
but without the relatively strong proportion of publica- 
tions in engineering and technology. 

Countries shift the focus of their scientific activities 
over time, usually—but not always—gradually. The 13- 
year span of publications data reveals the nature of some 
of these shifts and compares the difference in the 1993 
fraction of a country’s articles, relative to its 1981 share. 
(See text table 5-8.) (For ease of understanding, only 
changes exceeding 1 percentage point are shown; 
appendix table 5-33 shows the detailed data.) For the 
world as a whole, change was gradual: a shift into 
biomedical research was roughly offset by a decline in 
biology, and some growth in the physics share was 
accompanied by modest declines in the chemistry, engi- 
neering/technology, and mathematics categories. 
Trends in the United States, Western Europe, Canada, 
Australia, and Israel generally have been similar, thus 
shaping worldwide trends. But publishing in the former 
Soviet Union and its former allies indicates a different set 
of choices, as does the field composition of articles in the 
other Asian nations. 

In the former Soviet Union, clinical medicine’s share 
of publications—already low by world standards in the 
early 1980s—fell further, even as the total number of 
publications in all fields kept declining; the same 
occurred in its former allied nations. In both sets of 
countries, the clinical medicine share fell by 6 percent- 
age points. In contrast, physics gained 11 and 7 percent- 
age points in the former Soviet Union and in the former 
allied nations, signaling shifts of a magnitude seen only 


“Similar patterns have been observed in research funding. See 
Martin and Irvine (1986) 


Chapter 5. Academic Research and Development: Infrastructure and Performance 


0 10 20 3 40 SO 6 70 80 90 100 
Percent 


NIE = newly industrialized economy 
WB Ciw.:cal medicine fj Biomedical research BB Biology 


fH Chemistry [] Physics  §§ Earth and space sciences 
Enginee.ing and technology & Mathematics 
See appendix table 5-33. 
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in China, where they occurred from a much lower article 
base. In all likelihood, these dramatic composition 
changes reflect a relative degree of support and protec- 
tion afforded the physical sciences fields as the Eastern 
European and former Soviet nations adjust to a changed 
political and economic situation. 

The Asian nations’ changes are startling, but one must 
bear in mind both the very high publication growth rates 
achieved by many of these nations and their often iow 
initial article counts. It appears on the whole that the 
physical sciences and engineering/technology fields are 
receiving increasing emphasis, while support for biology 
is rapidly decreasing, relative to other fields. China, 
especially, embodies these trends, which appear in more 
muted form in the NIEs. In the case of Japan, the fairly 
sizable shift into clinical medicine (a field that previously 
had not been greatly emphasized) is noteworthy. 
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Text table 5-8. 


Changes in selected nations’ article field distributions: 1981-93 


¢ 5-35 


Clinical Bi fical 


Earth and 


United States. ............... - 3.0 
United Kingdom ............... 44 1.7 
Do cetccesecceeseecess -1.0 - 
D+ «6 20600 0s 6086 %-00 00% -3.6 2.3 
a ila ee 6 606 4 04466 2.1 1.0 
Other Southern Europe.......... - -2.8 
Nordic countries............... 44 1.1 
Other Western Europe .......... 1.3 2.6 
0 Pre Terre 7.2 2.3 
nance beceteees 1.5 2.2 
Former Soviet Union.......... : -6.0 1.7 
Eastern and Central Europe....... -6.2 1.0 
ee 1.8 - 
Other Middie Eastern ........... 6.5 -2.3 
et titel be ene we ek bh et -3.3 1.3 
Central and South America ....... -53 -1.2 
Australia and New Zealand ....... 3.4 2.5 
Dons eines ah éeeesoresonte 1.0 -1.3 
a ue endedenc kee wae er -5.2 3.0 
Asian NIES..... «6 oe eee, 2.3 1.3 
RE. « onc wntceneceneeen 6.5 —1.1 


Field's percentage in 1993 minus percentage in 1981 


-3.0 1.3 2.3 - -2.2 - 
-3.5 ~ 1.1 - -22 - 
-3.2 1.7 6.4 - -1.6 -2.3 
-1.4 - 3.2 - - - 
-1.3 -3.8 2.7 - - - 
1.5 -1.0 1.7 1.9 - - 
- - 2.7 1.6 - - 

- -13 - 1.0 -1.6 ~ 
~26 -6.8 43 - -3.1 -1.0 
-1.5 -1.5 1.4 1.6 -1.1 -14 
= -2.9 11.2 - -1.4 -13 
40 18 7.1 12 - - 
-2.0 -1.9 3.5 1.9 -2.3 - 
-3.6 —-1.1 - - 3.7 -3.1 
-1.4 2.3 2.6 1.7 -14 - 
e o 62 - - o 
-2.6 -1.7 1.1 - -1.1 ~ 
8.2 2.0 46 1.6 3.1 -1.7 
12.3 14.6 13.8 -18.4 40 1.5 
-7.0 - 46 - 45 -45 
-6.4 6.2 - 1.6 24 -1.6 


— = Change is less than 1 percent, NIE = newly industrialized economy 
NOTE: See appendix table 5-32. 


The preceding discussion has focused on the composi- 
tion differences in the individual nations’ science portfo- 
lios. Of course, many commonalities exist along with 
these differences, and governmental, intergovernmental, 
and private mechanisms exist to help nations gauge 
their science policies and activities in the context of their 
neighbors’, partners’, and competitors’ actions. At the 
working level, science itself has a strong international 
perspective, to which we now turn. 


international Scientific Collaboration 


In many fields, cutting-edge science is increasingly 
dependent on knowledge, perspectives, and techniques 
that cross traditional disciplinary boundaries. Often, the 
scope of the problem (human genome mapping or global 
environmental trends), combined with complexity and 
cost, suggest or even dictate broad collaboration that 
increasingly involves international partners.’* Both 
trends—increased collaboration and growing internation- 
al cooperation—can clearly be seen in the publications 
data. A pervasive trend in scientific publishing toward 
greater scientific collaboration affects all fields and all 
nations, and a steadily growing fraction of most countries’ 


‘See, for example, Office of Technology Assessment (1995) and 
President's Council of Advisors on Science and Technology (1992) 
See also Chapter 4, Research and Development: Financial Resources 
and Institutional Linkages 
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papers involve international coauthorship. This section 
examines these trends, the U.S. position in international 
collaboration, who collaborates with whom, how develop- 
ing and developed nations compare, and what collabora- 
tion patterns exist for and among Asian nations. 

The indicator used here is the incidence of article coau- 
thorship, in which the authors’ institutional affiliations are 
located in two or more countries. This choice, as dictated 
by the data base, has some unwelcome consequences. A 
paper written by a U.S. citizen temporarily residing in the 
United Kingdom in collaboration with someone at his U.S. 
home institution is counted as internationally coauthored, 
thus overstating (in one sense) the extent of such collabo- 
ration. On the other hand, a paper coauthored by a British 
citizen located in the United States and collaborating with 
someone at the host institution would not be considered 
internationally coauthored, thus understating the count. 
Further, the data presented here do not permit the exami- 
nation of collaboration involving three or more countries. 
However, the trends evident in the data are sufficiently 
robust to give confidence that they do not merely reflect 
flaws in the measure used. 


Trends in International Scientific Collaboration 


A pronounced worldwide tendency exists toward 
greater scientific collaboration, as evidenced by patterns 
of coauthorship of scientific and engineering journal arti- 
cles. This trend has been accompanied by a marked 


increase in collaboration across national boundaries.*° 
(See appendix table 5-34.) Put briefly, in 1993, roughly 
half of all journal articles worldwide had more than one 
author, and roughly one-quarter of these involved inter- 
national coauthorship. The number of coauthored arti- 
cles increased from 121,200 in 1981 (33 percent of the 
total) to 195,500 in 1993 (47 percent). The number of 
internationally coauthored articles worldwide increased 
by 150 percent, from 21,000 to 52,500. The total number 
of articles also increased, but only by roughly 20 percent. 
Consequently, the proportion of all articles published 
worldwide involving some international coauthorship 
doubled, from 6 percent in 1981 to 13 percent in 1993. 

The overall rate of multiple-investigator research, as 
indicated by coauthorship, ranged from 35 to 58 percent 
in 1981 and increased by roughly 10 percentage points 
by 1993. In both cases, India and the former Soviet 
Union were clear outliers, with collaboration rates of 
about half of the world’s lower ranking countries. 

The United States contributes to approximately half of 
the world’s internationally coauthored papers; this figure 
is well in excess of its 34-percent share of world article 
output. It is among the countries with the highest per- 
centage of coz. ‘horship (53 percent), but it ranks in the 
low end in terms of the overall percentage of articles 
involving international collaboration (14 percent for 
1988-93 and 16 percent in 1993). This occurs solely as a 
result of its very large publications base. (See appendix 
table 5-35.) Patterns of coauthorship among countries, as 
discussed below, illustrate the special role of the U.S. sci- 
entific enterprise in world science. 

The positive trend in the growth of the number of col- 
laboratively authored papers in the United States rough- 
ly parallels the trend in other countries. While the 
overall number of U.S. articles increased by 6 percent 
between 1981 and 1993, the number of internationally 
coauthored papers (i.e., those with at least one author at 
a US. institution and at least one abroad) rose by 140 
percent, from 10,292 in 1981 to 24,737 in 1993. As a 
share of all U.S. publications, these articles increased 
from 7 to 16 percent over the period. 

The role of the United States in international collabo- 
ration (as measured by coauthorship) is characterized 
by two complementary trends. For almost every nation 
with substantial international coauthorship, the total 
number of its articles with one or more U.S. collaborators 
rose strongly between 1981 and 1993. For example, in 
the early 1980s, about 4 to 7 percent of articles published 
by major European industrial nations involved collabora- 
tion with U.S.-based authors. This fraction had risen to 8 
to 12 percent by the early 1990s. This increase suggests 
the substantial influence of U.S. science in European sci- 
entific research. Corresponding numbers for Canada 


“Among the causes of these increases are no doubt the extent of 
advanced training students receive outside their native countries and 
the web of intergovernmental agreements inviting or requiring multi- 
national participation in research activities. 
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were 9 percent in 1981 and 15 percent in 1993. For 
Japan, which collaborates little, the numbers were 3 per- 
cent in 1981 and 6 percent in 1993. 

Throughout this period, many of these nations in- 
creased their collaborative ties, not just with the United 
States, but also with nations around the world. Thus, 
among all internationally coauthored articles, the U.S. 
share gradually diminished in many nations. 


Who Collaborates with Whom? 


Scientific collaboration, as measured by international 
coauthorship, centers to a remarkable degree on the 
United States. (See appendix table 5-35.) Roughly 20 to 
25 percent of all internationally coauthored papers from 
European countries involve U.S. authors. The same is 
true for African and many Asian publications. Elsewhere, 
U.S. scientists have been even more actively involved. 
Between 1988 and 1993, U.S. authors collaborated in 30 
to 35 percent of the internationally coauthored publica- 
tions of India, Australia, and China; in 45 percent of 
those from Israel and Japan; and in fully half of those 
from the Asian NIEs. For scientists in the former Soviet 
Union and its Eastern European allies, U.S. scientists 
tended to account for only about 15 percent of their 
international coauthorships; scientists in these countries 
were more closely tied to Western European, and each 
other's, science establishments. 

The U.S. pattern of international coauthorship stands 
in sharp contrast to those just described (as it must, 
given the high percentages of U.S. involvement in most 
other nations’ international collaborative works). No sin- 
gle country’s authors exceed 12 percent of the United 
States’ internationally coauthored papers. The United 
Kingdom, Canada, and Germany each have a 10- to 12- 
percent share, and most other individual nations fall well 
below this level. 

Countries with small indigenous science establish- 
ments tend to have higher levels of international coau- 
thorship (i.e., as a percentage of their total article 
output) than those with larger, more mature systems. 
Rather than collaborating regionally, scientists from 
developing nations tend to work with those from major 
science-producing nations. One can conclude that the via- 
bility of the local science infrastructure depends, to a fair 
extent, on these international lines of contact. In the case 
of mature, small nations (e.g., the Nordic or smaller 
Western European countries), this pattern is augmented 
by regional collaboration. Political isolation (as in the 
case of Eastern Europe and the countries of the former 
Soviet Union) and cultural or language barriers (as in the 
case of Japan) can influence these patterns and result in 
unusually low degrees of international collaboration. 

The Asian nations, with their rapidly expanding scientif- 
ic output and high levels of international collaboration, also 
collaborate regionally. Ten to 20 percent of their interna- 
tional coauthorship activity involves scientists from other 
Asian nations, more than half of whom are from Japan. 
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Sectoral Distribution of U.S. Scientific 
and Technical Articles 


in the United States, increasing attention has been 
given to cross-sectoral collaboration in scientific and engi- 
neering research. The collaboration between universities 
and industry has been of particular interest, both for 
enriching research approaches and perspectives and for 
efficiently channeling research results toward practical 
use. This section discusses the sectoral distribution of U.S. 
articles and the patterns of cross-sectoral collaboration. 

The bulk (71 percent in 1993) of U.S. articles in the nat- 
ural sciences and engineering is published by academic 
researchers. (See appendix table 5-36 and figure 5-26.) 
Industry and the Federal Government contributed 8 per- 
cent each; nonprofit institutions (mainly health-related 
organizations publishing in the biological and medical 
fields), 7 percent; FFRDCs (publishing mainly in the phys- 
ical sciences and in engineering), 3 percent; and all other 
organizations, including state governments, 2 percent. 

Since 1981, there has been a very gradual shift in the 
sectoral distribution of U.S. articles: Academia’s share 


has grown from 68 to 71 percent; industry and nonprofit FFROC = federally funded research development center 
institutions have maintained their relative positions; and See appendix table 5-36. 
the Federal Government, FFRDCs, and other types of Science & Engineenng Indicators - 1996 


organization all experienced small losses in their si.ares. 
In fact, the number of Federal Government and FFRDC 
articles actually declined in several fields—engineering 
and technology, mathematics, clinical medicine, and 
biology—but not in chemistry, physics, or the earth and 
space sciences. (See appendix table 5-36.) 


Text table 5-9. 

Cross-Sectoral Collaboration Change in number of cross-sectoral articles, by sector 
in the United States adn tana, Main a — 

Increasingly, scientific and engineering research in —— Number —— — Percent change — 
the United States involves investigators from different Academia 
employment sectors, as evidenced by a steady increase 1981... 104.112 21.192 2 rs 
in the number and proportion of articles with collabora- 1993... 121,869 28,167 17.1 32.9 
tors from multiple sectors. This trend is evident in all Industry 
sectors. (See appendix table 5-37.) 1981... 13,462 3,671 " = 

Just under one quarter (23 percent) of all academic 1993... 17,469 8,202 29.8 123.4 
papers” in 1993 involved collaboration with authors from Federal 
one or more other sectors: 8 percent each from the 1981... 18,592 9,178 - o 
Federal Government and nonprofit institutions, 5 per- 1993... 19,283 11,190 3.7 21.9 
cent from industry, 3 percent from FFRDCs, and 2 per- FFROCS 
cent from other sectors including state governments. 1981... 6,393 2,473 2 ms 
The nonacademic sectors had much higher levels of 1993... 6,874 3,948 75 596 

Nonprofit 

“In this section, intersectoral collaboration is determined by the 1981 14.624 8.935 a _ 
authors’ institutional affiliation. An article with one academic and one 1993 rds 17.310 10.539 18.4 31.2 
industrial sector author is counted once (not fractionally) in each cate- a : : : 
gory. For example, an article with three academic contributors, from Other 
three different institutions, counts as a single-sector article; a similar 1981 4.602 2 864 = _ 
article that also involves an industrial sector author and an FFRDC 1993 ie 4,894 3,591 6.3 25.4 
author is counted in all three sectors. In this schema, for any given — : : : : 
sector, articles produced collaboratively with all other sectors com- ~ = not applicable; FFROC = federally funded research development 
bined will be smaller than the sum of individual intersectoral collabora- —- ; = 


tions because of collaborations across three or more sectors. Note also 
that the rates of cross-sector collaboration described here are not com- 
parable with the overall collaboration rates discussed earlier, which 
included intrasector collaborations 


Vey 


intersectoral collaboration: 47 percent of the industry 
papers; 58 percent with of Federal government papers; 
57 percent of those published by FFRDCs; 61 percent of 
the nonprofit papers; and 73 percent of those published 
in the other sectors. 

Since 1981, cross-sectoral collaboration has been 
increasing in every sector. In each instance, the absolute 
number of papers involving such collaboration has 
increased more rapidly than the overall number of arti- 
cles produced in a given sector. (See text table 5-9.) 
Increases in article production from 1981 to 1993 have 
ranged from 4 percent for Federal Government employ- 
ees to 30 percent for industry. Growth rates for articles 
involving cross-sector collaboration, however, have 
ranged from 22 percent for the Federal sector to 123 per- 
cent for industry. 

Among academic articles, cross-sector collaboration 
rose from 20 to 23 percent between 1981 and 1993. 
Academic collaboration with industry nearly doubled. 
Collaboration with FFRDCs and nonprofit institutions 
increased moderately, and collaboration with the Federal 
Government and other sectors remained unchanged. 
Among articles from industry, the Federal sector, 
FFRDCs, nonprofit institutions, and other sectors, cross- 
sector collaboration increased strongly across the board. 
(See appendix table 5-37.) 

The interpretation of these trends and proportions 
must be set in the context of the dominance, in terms of 
sheer numbers of articles, of the academic sector in U.S. 
scientific and technical publishing. In 1993, 38 percent of 
industry articles involved collaboration with academia 
(up from 22 percent in 1981); half of the Federal sector's 
articles had academic collaborators, as did nearly half of 
the FFRDC articles and more than ha'f of those from non- 
profit and other sectors. Thus, it is clear that academic 
authors were involved, as indicated by joint authorships, 
in well over half of all intersectoral collaborations. 
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Intersectoral collaboration is highest in the combined 
biological and medical sciences and lowest in the physi- 
cal sciences and in mathematics, although in both cases 
collaboration has increased since 1981. The pattern for 
engineering and technology is more complex. The total 
number of articles in this set of fields declined from 1981 
to 1993 in all sectors except academia, but, nevertheless, 
the number of articles involving cross-sector collabora- 
tion increased for each sector. As a result, academic 
papers show no increase in their share of cross-sectoral 
collaboration (because a growing number of these 
papers is offset by the equally strong growth in all aca- 
demic engineering papers), while nonacademic sectors 
show substantial increases (because their overall pro- 
duction of engineering publications is falling). (See 
appendix table 5-33.) 


Cross-Sectoral Citation Patterns 


The overall distribution of references to U.S. scientific 
and technical articles largely reflects the sectoral distri- 
bution of the articles themselves. From 1990 to 1993, 
academia and industry received 71 and 8 percent, 
respectively, of the citations. The shares of the Federal 
Government and nonprofit institutions (at 10 and 9 per- 
cent, respectively) were somewhat higher than their 
shares of article production; those of FFRDCs and other 
types of organizations (at 2 and 1 percent, respectively) 
were somewhat lower. (See appendix table 5-39.) 

Academic papers receive the bulk of citations in each 
sector, attesting to the centrality of results from academ- 
ic research in the scientific and engineering research 
activities of other sectors. Between 1990 and 1993, 
academia received roughly half of the citations in indus- 
try, Federal Government, and FFRDC articles and 60 per- 
cent of those in the other sectors’ papers. However, each 
sector also cited in-sector papers very heavily, no doubt 
reflecting the differences in the nature, purpose, and 
focus of research carried out in them. 


Text table 5-10. 

Distribution of citations across U.S. performer sectors, by field: 1990-93 

F seit Academia industry Federal FFROC Nonprofit Other 

Percent of total citations to sector 

i Actedbvccsendhucesséeébeeet 70.5 79 9.7 19 88 12 
Clinical medicine ©. ccc 683 5.1 11.3 02 12.9 22 
Biomedical research... ..... 6... oo. 72.7 6.9 9.4 0.7 9.7 0.7 
DERE hgh bhbd 0% 00 bibs cdvndeste 79.2 28 13.4 02 32 1.3 
PT sehvkns o66ecbéees ov ode osee 78.5 12.8 43 2.7 13 0.2 
tee tad bens con cene ete esene 63.1 20.9 5.1 93 15 0.1 
Earth and space sciences................ 66.1 48 14.4 78 6.1 0.8 
PL Wh bts bdo band ceqeeeesecee 88.8 au 25 18 18 0.3 
Engineering and technology .............. 663 19.6 78 46 14 03 


FFROC = federally tunded research and development center 
NOTE: inctudes only references in U.S papers to other US. papers. 
See appendix tatie 5-39 
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Citation differences, by field (summarized in text table 
5-10), provide an example of these variations. (See 
appendix table 5-39.) Academic articles, in particular, are 
prominently cited in the fields of biology, chemistry, and 
mathematics (relative to the average for all fields) and 
relatively less so in physics and in the earth and space 
sciences. Higher-than-average references to industry 
articles are evident in chemistry, physics, and engineer- 
ing and technology. Among Federal Government arti- 
cles, those in clinical medicine, biology, and the earth 
and space sciences are frequently cited (in this sense). 
For FFRDCs, articles are frequently cited in the earth and 
space sciences, engineering and technology, and, espe- 
cially, physics. The role of the nonprofit sector in the 
biomedical sciences is evident as well. 

Gradual shifts in these citation patterns have occurred 
since the first part of the 1980s. There is now a slightly 
greater tendency in all sectors (except industry itself) to 
cite industry articles and a greater tendency in all sec- 
tors (except academic papers) to cite academic articles. 
In turn, all sectors cite Federal articles somewhat less 
frequently. Industry cites FFRDC articles less often and 
cites nonprofit articles more often than in the past. (See 
text table 5-11.) While these changes appear numerically 
modest, they reflect a relative shift in the use of scientific 
and technical research results toward academia, indus- 
try, and, to a lesser extent, the nonprofit sector, and 
away from the Federal Government and FFRDCs. 


Citations in U.S. Patents of the 
Scientific and Technical Literature 


Scientific and technical articles cited on the first page 
of patent applications provide an indication of the poten- 
tial contribution of published research results to 
patentable U.S. inventions.*’ Such citations of the 
research literature have risen rapidly in only a few years, 
and papers from the academic sector figure prominently 
in this increase. 

For all U.S. patents issued in 1987-88 and 1993-94, ref- 
erences to U.S. research journal articles were identified. 
These articles were then classified according to their 
field and performer sector. (See appendix table 5-40.) In 
1987-88, about 16,000 such citations were recorded; by 
1993-94, this number had increased nearly threefold, to 
47,400. Roughly half of the references were to papers 
from academic institutions; one-quarter were to industry 
papers, 9 percent to articles by Federal employees, 
another 8 percent to articles from the nonprofit sector, 
and 3 percent from FFRDC investigators. Academic arti- 
cles gained a greater share of all citations in the most 
recent period, while the shares of industry, Federal 
Government, and FFRDC articles declined marginally. 

Articles in biomedical research and clinical medicine 
accounted for 65 percent of all patent citations. In each 
sector but the FFRDCs, they received the bulk of citations, 
ranging from 44 percent in industry to 92 percent for non- 
profit institutions. In contrast, 41 percent of FFRDC cita- 
tions were to physics, another 19 percent were to 
engineering and technology, and 13 percent to chemistry. 


’For a discussion of patenting, see Chapter 6, Technology Develop 
ment and Diffusion. See also Academic Patenting in this chapter. 


Text table 5-11 

Patterns of cross-sector citations, by citing sector 

Citing sector Academia industry Federal FFROC Nonprofit Other 

1985-88 articles 
Percent to cited sector - 

United States, total... een, 70.5 6.3 10.6 22 9.0 14 
Academic institutions... 2... ee, 77.1 43 8.0 16 7.7 12 
Dndihiientkscotbedé vdtesetian 469 36.1 8.1 27 5.2 1.0 
Federal Government... cnn 52.2 44 32.9 13 76 15 
bedi ates ibe é oa 6 66 0eddteneees 498 78 6.3 33.4 26 03 
Nonprofit institutions... cee 58.9 3.3 8.9 0.6 26.5 18 
Sd 26. 6 oGhaebidde 60 6e6odeee Goveesi 59.1 36 12.0 05 10.9 13.9 

1990-93 articles 3 

United Stetes, total... en 70.5 79 9.7 19 88 12 
Academic institutions... © 6 6 cnn 76.5 5.9 75 15 76 10 
PG LEME enh ds dicwessscedwe vies 478 35.7 78 18 5.9 0.9 
Federai Governmem.... cee, 52.4 65 31.1 14 73 13 
PUR e BU CESedObe ccc cbcdectessocess 514 93 6.0 W.1 29 0.3 
Nonprofit institutions... cc 60.0 5.1 8.3 06 244 16 
i; 66 ed behhdoso0600000s66 600¢e04 60.5 5.5 11.6 0.7 11.0 10.7 

FFROC = federally funded research and development center 

See appendix table 5-39. Science & Engineering indicators - 1906 


international Use of Scientific and Technical 
Articles in Subsequent Scientific Research 

Previous sections have examined the U.S. position in 
the production of scientific and technical articles and its 
role in international scientific collaboration, as evidenced 
by its standing in the international coauthorship of arti- 
cles published in leading peer-reviewed world journals. 
This section describes citations of this literature. 
Citations of a given output unit's (e.g., a country, sector, 
or institution) publications have often been treated as 
indicators of quality,” but this has not met with universal 
acceptance. Citations are discussed here in the more 
modest framework of “utility”; that is, they are treated as 
rough indicators of the degree of perceived usefulness of 
a country’s articles to scientists elsewhere. 

U.S. science and technology articles are cited in excess 
of the U.S. share of the world’s publications by virtually 
all scientifically mature nations. (See appendix table 5- 
$1.) Not surprisingly, all countries cite their domestic 
scientific and technical literature well in excess of their 
respective world shares. But no other country cites its 
domestic literature as heavily as the United States. Its 
7-percent self-citation might conceivably reflect insulari- 
ty or aloofness, but the high proportion of U.S. involve- 
ment in internationally coauthored articles suggests that 
this explanation is at best incomplete and perhaps unten- 
able. In fact, a comparison of citations of the U.S. litera- 
ture (the leftmost column in appendix table 5-41) with 
those of a nation’s domestic publications (diagonal val- 
ues) suggests a different conclusion 

In virtually all nations’ journals, U.S. articles are cited 
more heavily—that is, they constitute a larger share of 
total citations—than articles appearing in domestic publi- 
cations. (See figure 5-27.) There is no compelling logical 
reason why one country’s literature should be cited in 
proportion to its world share by any other country. For 
example, no European country cites any other European 
country’s literature to an extent approximating the cited 
country’s world article share, even though many arrange- 
ments exist to foster intra-Luropean collaboration and 
flows of scientific and technical knowledge. It appears fair 
to conclude that U.S. scientific and technical articles are 
found to be very useful by scientists elsewhere, as evi- 
denced by the volume of references to the U.S. literature 
in other countries’ scientific and technical articles.” 

These findings hold, in general, for all major fields, 
but they are not determined by U.S. publication shares. 
(See appendix table 5-41.) For example, U.S. biomedical 
research articles generally receive citation shares well 
above the U.S. article share of 39 percent; the same pat- 
tern is true for physics articles. On the other hand, math 
ematics and biology articles tend to be cited below the 


“For a recent example, see National Academy Press (1995), which 
uses the citations to a graduate program faculty's publications as one 
measure of quality 

"This might be considered an indicator of “leadership.” 
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Figure 5-27. 
Citations to U.S. and cther articles in worid's 
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NIE = Newly industrialized economy 
* = excludes citations to a country's own iMerature 


See appendix table 5-41 
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U.S. world article shares in these fields.” (See The 
Advent of Electronic Publishing.) 


“This raises an intriguing research puzzle that cannot be pursued 
here: What accounts for these citation patterns? 
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A recent article in Scientific American (Stix, 1994) 
discusses developments in electronic scientific com- 
munication including: 


The Advent of Electronic Publishing 


ly nonscience) examples and points out a difficulty in a 
transition to fully electronic publications. Refereed 
print journals are not mere distributors of the latest 


research results. They exercise quality control, and they 
serve to establish priority for a researcher’s work, upon 
which the author’s scientific recognition and prestige 
rests. Quite likely, some electronic equivalents of these 
functions will emerge; indeed, experimentation is under- 
way. For example, the American Astronomical Society 
(AAS), with partial support from the NSF, is experiment- 
ing with an on-line version of its journals. Basically, AAS’s 
approach is to build a fully peer-reviewed electronic jour- 
nal version of its print-based publications, thus preserv- 
ing the defining elements of the traditional scientific 
journal. Less formally structured experiments are 
already underway in a number of other fields, and by the 
time this volume goes to print, no doubt other such activ- 
ities will have been added. 

It is unclear whether electronic publications will sup- 
plement or supplant hard copy journals. In the immedi- 
ate future, publications counts, and perhaps also 
citation patterns, are unlikely to be seriously affected 
by developments in the area of electronic communica- 
tions. However, the torrid pace of change in these 
technologies suggests that “the immediate future” is 
best measured in years, not decades. Thus, new indica- 
tors of scientific research outputs will need to be devel- 
oped for use alongside or in place of the measures 
discussed here. The nature of such indicators will 
depend on the emergent forms of electronic publish- 
ing. A major shift away from traditional print journals 
and into electronic media would, in any case, be 
reflected in the citations appearing in articles pub- 
lished in the set of core journals that currently form 
the basis for publications counts. 


@ Transfer of information about ongoing work, shar- 
ing of data, and virtual samples; 


@ Operation of virtual research teams; 


@ Circulation of research synopses, informal papers, 
preprints; 


@ Distribution of refereed articles; 
@ Electronic versions of hard-copy journals; and 
@ Fully electronic (virtual) journals. 


All of these hold implications for the conduct of sci- 
entific work and the conimunication of its results. For 
the present discussion, the last three points are most 
salient. The electronic distribution of individual articles 
is occurring now and will soon become commonplace. 
Cost pressures on publishers will combine with the 
growing availability and ease of use of communication, 
search, and download technologies to make a wide vari- 
ety of print journals available for electronic perusal. In 
both instances, the printed journal article remains the 
basic source of the information (i.e., the type of publica- 
tion covered here). The electronic distribution of these 
articles or journals will not distort publication counts: 
Accessing is analogous to checking out a journal at the 
library or copying an article. However, electronic 
searches may make it easier to uncover relevant related 
work, which, in turn, might influence citation behavior. 

The creation of virtual journals is a logical extension 
of these developments. The article names a few (most- 


that academic institutions are giving increased attention 
to the potential economic benefits inherent in their R&D 
results and that they are seeking to capture some of 
these benefits.” 

A growing number of academic institutions are receiv- 
ing patents, with growth being especially pronounced 
during the 1980s. (See figure 5-28.) During the 1970s, 
the number of institutions receiving at least one patent 
grew slowly, but during the 1980s, the number more 
than doubled, from 80 in 1980 to 165 in 1994. This devel- 
opment affected both public and private institutions: The 
number of public universities and colleges receiving 
patents rose from 51 to 97; private institutions increased 


Academic Patenting 


Patents Awarded to U.S. Universities 


The U.S. Patents and Trademarks Office grants gov- 
ernment-sanctioned property rights, in the form of 
patents, for inventions deemed to be new, useful, and 
nonobvious.”' Patent grants may be awarded on the 
results of R&D that have potential utility for the develop- 
ment of new or improved products or processes, and a 
growing number of U.S. academic institutions are apply- 
ing ior, and receiving, such protection. While the bulk of 
academic R&D is basic research, (i.e., not undertaken to 
yield immediate practical applications), data on the 
patenting activity of universities and colleges suggest 


Patents are partial and ambiguous indicators of inventive activity. 
Patents may be used to forestall possible competitive action, solidify 
one’s own position, or other ends. Not all sectors and industries rely 
on patents. For a complete discussion of the problems associated with 
this indicator, see Chapter 6, Technology Development and Diffusion. 


"Chapter 6, Technology Development and Diffusion, presenis a 
more comprehensive discussion of patented inventions in all U.S. sec- 
tors, placed in a world context. 


1oh 


36 


5-42 ¢ 


1980 1982 1984 1986 1968 1900 1902 1994 
NOTE: Data have been aggregated to the institutional level and, in some 
cases, refer to entire systems (e.9., Califomia and Massachusetts). 
See appendix table 5-42. 

Science & Engineering indicators - 1996 


from 29 to 58. Patenting: by the research universities 
grew more rapidly than by other institutions. During the 
1980s, just as a growing number of academic institutions 
were receiving patents, the share of the 100 largest 
research universities (by volume of total research funds) 
increased from 75 to about 85 percent (where it has lev- 
eled off) of all newly issued academic patents. (See 
appendix table 5-42.) At the same time, a composition 
shift took place within the top 100: The share of the 
largest 20 universities contracted, while ii.:stitutions that 
rated below 50 in research volume gained a slowly grow- 
ing share of these patents. 

The number of patents awarded to U.S. universities 
rose sevenfold in 2 decades. This is a rapid growth rate, 
even considering the relatively low base. From an aver- 
age of 200 to 300 patents a year issued in the late 1960s 
and early 1970s, the number rose to 350 to 400 a year in 
the early 1980s; it then increased fourfold to 1,761 in 
1994. (See figure 5-29.) This growth is far steeper than 
that of all U.S. patent awards, which roughly doubled in 
number. A change in U.S. patent law in 1980, which 
allowed academic institutions and small businesses to 
retain title to inventions resulting from federally support- 
ed R&D, may have contributed to the continuing strong 
increase in academic patenting. A recent report 
(Henderson, Jaffe, and Trajtenberg, 1995) discusses this 
and other reasons—such as increased focus on commer- 
cially relevant technologies and the creation and increas- 
ing sophistication of university units specializing in 
technology transfer (on this point, also see Income from 
Patenting and Licensing Arrangements in this section) — 
but calls the causes unclear. In fact, 44 percent of all U.S. 
academic patents issued from 1969 through 1994 were 
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Figure 5-29. 
Number of patents granted to U.S. academic 
institutions 


Number 
1,800 
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awarded in 1990-94, well after the legal change took 
effect. University patents now make up about 3 percent 
of all U.S. patent awards, compared with a mere one-half 
percent only 2 decades ago. The same report notes, how- 
ever, that the average commercial importance of new 
academic patents may be leveling off. 

Patents are divided into utility classes, according to 
their likely areas of application. The distribution of all 
patents over these classes has slowly evolved; for aca- 
demic p2tents, the changes have been more pronounced 
and rapid. (See figure 5-30 for the relative degree of con- 
centration of university patents, by number of utility 
classes, and appendix table 5-43 for a breakdown of aca- 
demic patents, by major utility class.) It shows an 
increasing concentration of patents in a smaller set of 
utility classes. For example, in 1969-73, patents in some- 
what more than 80 different utility classes accounted for 
80 percent of all universjty patenting. By the early 1990s, 
a mere 50 utility classes accounted for a comparable 
share. Three utility classes in particular have been 
prominent. Class 435 (defined by the U.S. Patent Office 
as chemistry: molecular biology and microbiology) and 
424 and 514 (drug: bio-affecting and body-treating com- 
positions) grew from about 8 percent of academic 
patents in the early 1970s to fully one-quarter of the total 
in the early 1990s. (See figure 5-31.) 


Income from Patenting 
and Licensing Arrangements 


Universities increasingly are negotiating royalty and 
licensing arrangements based on their patents. A 1992 
report by the U.S. GAO, based on a survey of 35 universi- 
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Figure 5-30. 
Cumulative distribution of patent awards to U.S. academic institutions, by number of utility classes 
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See appendix table 5-43. 
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ties, found that, as a group, they had granted 536 licens- 
es (197 exclusive and 339 nonexclusive) in 1989-90. GAO 
Figure 5-31. 


Fraction of total U.S. academic patents in three 
utility classes 


Years 


reported that most of these universities had substantially 
expanded their technology transfer programs during the 
1980s. Typical licensees were small U.S. pharmaceutical, 
biotechnology, or medical businesses. During 1989-90, 


1969-73 


1974-78 


1979-83 


1984-88 


1989-94 


the reported income flows based on these licenses were 
modest: a total of $82 million. However, just as patenting 
has expanded, so has licensing and the attendant rev- 
enue flows. A more recent survey conducted by the 
Association of University Technology Managers®™ report- 
ed gross revenues received by U.S. universities of $242 
million in 1993, compared to $172 million in 1992. Part of 
the increase, however, is likely to be due to more exten- 
sive coverage and accounting. Nevertheless, while total 
reported revenue remains modest in comparison with 
the underlying R&D volume, its strong upward trend 
suggests a growing willingness on the part of universi- 
ties to attend to the applications potential of the research 
conducted on their campuses and a growing willingness 
on the part of entrepreneurs and companies to recognize 


0 10 20 
Cumulative percent 


HB Chemistry: molecular biology and microbiology, class 435 


and invest in the market potential of this research. 


Drug, bio-affecting and body treating compositions, class 424 
(-] Drug, bio-afiecting and body treating compositions, class 514 


See appendix table 5-43. 
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Association of University Technology Managers, Inc. (1994). 
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HIGHLIGHTS 


U.S. TRADE IN ADVANCED TECHNOLOGY PRODUCTS 


@ Trade in several technologies, including aero- 


space, computer-integrated manufacturing, life 
science, and computer software, produced size- 
able trade surpluses for the United States in the 
1990s. Yet, the surplus generated by trade in 
advanced technology products has declined every 
year since 1991. Manufactured products that incorpo- 
rate advanced technologies accounted for 17 to 19 
percent of all U.S. trade (exports plus imports) in 
goods and services in the 1990s. 


U.S, technology trade is highly concentrated. 
In 1994, 3 of the 10 technology categories accounted 
for 85 percent of total U.S. technology product 
exports: information technologies (35 percent of 
technology exports in 1994), aerospace (29 percent), 
and electronics (21 percent). 


@ Japan and Canada are U.S. industries’ largest 


national customers for U.S. advanced technol- 
ogy products. European and other OECD countries 
are also important customers, although several newly 
industrialized Asian countries purchase surprising 
amounts of U.S. advanced technology products at lev- 
els that rival the amounts sold to many of the more 
advanced European countries. 


@ The United States is also a net exporter of tech- 


nological know-how sold as intellectual property. 
While the surplus generated by U.S. international! 
transactions involving technological know-how is far 
smaller than the surplus generated by advanced 
technology product trade ($1.7 billion vs. $27 billion 
in 1993), the gap between exports and imports is 
much wider. The ratio of exports to imports in U.S. 
trade involving technological know-how transactions 
is 3-to-1 on trade of $3.8 billion; this compares with a 
ratio of 1.3-to-1 for trade in advanced technology 
products valued at $190 billion. Japan is the largest 
consumer of U.S. technology sold in both forms. In 
1993, South Korea rose to become the second 
largest consumer of U.S. technology sold as intellec- 


tual property. 


INTERNATIONAL TRENDS IN INDUSTRIAL R&D 


@ Despite a 2-decade decline in its international 


share of all industrial R&D, the United States 
remains the leading performer of industrial 
R&D by a wide margin. In 1990, U.S. industrial 
R&D surnassed the combined R&D performed in the 
industrial sector of the 12-nation European Union 
and was twice that performed in Japan. Data for 1992 
show the United States retaining its lead position. 


@ While R&D performance by U.S. manufacturers 


has not kept pace with inflation since the mid- 
1980s, R&D performance by U.S. nonmanufac- 
turing industries grew rapidly. The latest 
internationally comparable data on overall U.S. indus- 
trial R&D performance show the nonmanufacturing 
sector's share rising from 4 percent in 1982 to 25 
percent by 192. U.S. service industries, like those 
developing computer software and providing commu- 
nication services, have led the increase in R&D per- 
formance within the nonmanufacturing sector. 


Since 1973, R&D performance in Japanese 
manufacturing industries grew at a higher 
annual rate than in the United States, and since 
1980, faster than all other industrialized coun- 
tries. Unlike the declining trend observed for manu- 
facturing industries in the United States, Japanese 
manufacturing industries consistently accounted for 
95 percent of all R&D performed by Japanese indus- 
try. R&D performance in Japan’s nonmanufacturing 
sector did appear to accelerate during 1990-92, but 
Japan’s industrial R&D continues to be lead bv the 
manufacturing sector. 


Industrial R&D in Germany appears to be some- 
what less concentrated than in the United 
States, but more so than in Japan. The industries 
included in the top five R&D performers in Germany 
mirror German commercial prominence as a supplier 
of world-class machinery and motor vehicles. Like 
Japan, manufacturing industries continue to perform 
over 95 percent of all industrial R&D in Germany. 
The share of total industrial R&D performed by 
Germany’s service-sector industries has actually de- 
clined since 1984. 


PATENTED INVENTIONS 


@ In 1993, the total number of patents granted in 


the United States rose by less than 1 percent, 
which followed a similar increase in 1992. U.S. 
inventors received 54 percent of the U.S. patents 
granted in 1993, which continues a general upward 
trend for U.S. inventors that began in the late 1980s. 


Foreign patenting in the United States is highly 
concentrated by country of origin. Inventors from 
the European Union and Japan account for 80 per- 
cent of all foreign-origin U.S. patents. Newly industri- 
alized economies, notably Taiwan and South Korea, 
dramatically increased their patent activity in the 
United States during the last half of the 1980s. The 
latest data, from 1993, show this trend continuing. 
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@ Recent patent emphases by foreign inventors in 
the United States show widespread internation- 
al focus on several commercially important 
technologies. Japanese and German inventors are 
earning patents in information technology. Inventors 
from Taiwan and South Korea are earning an increas- 
ing number of U.S. patents in technology fields relat- 
ed to communications and electronic componentry. 


INDUSTRY’S USE OF NEW TECHNOLOGY 


@ Two surveys of U.S. manufacturers, the first 
conducted in 1983 and the second in 1993, 
show increased use of advanced technologies in 
manufacturing operations. The 1993 survey found 
that 75 percent of the establishments used at least 
one advanced technology and 19 percent reported 
use of at least five technologies. Larger plants and 
those producing higher-priced products were more 
likely to use advanced technologies. 


@ Results from the 1993 survey also linked an 
establishment’s ability to compete in foreign 
markets with the use of advanced technology in 
its production operations. In establishments 
where exports represented 20 to 49 percent of total 
shipments, 94 percent used at least one advanced 
technology, compared with 72 percent of those estab- 
lishments that did not export. The positive associa- 
tion between technology use and establishments that 
sell abroad was even stronger when widespread use 
of advanced technologies (five or more advanced 
technologies) among surveyed establishments is 
compared. 


@ A question added to the 1993 survey allows for 
the comparison of technology use among U.S. 
establishments with and without foreign own- 
ers. Use of advanced technologies was 10 to 22 per- 
cent higher among those establishments with foreign 
ownership (10 percent of voting stock or other equity 
rights). As the number of advanced technologies 
increased, so did the incidence of establishments 
having foreign ownership. 


« 


In both surveys, the same two technologies 
topped the list of most commonly used tech- 
nologies by U.S. manufacturers, although their 
positions switched in the intervening years. In 
the 1993 survey, computer-aided design and/or com- 
puter-aided engineering technology was the most 
commonly used technology, used by 59 percent of 
the surveyed establishments. The next most com- 
monly used technology was the numerically con- 
trolled machine, used by 47 percent of surveyed 
establishments. In 1988, this ranking was reversed. 


CHARACTERISTICS OF INNOVATIVE U.S. FIRMS 


% 


In a survey examining innovative activities 
undertaken by firms, one-third of respondents 
answered positively to either introducing a new 
technologically changed product or process or 
planning to introduce a new product. U.S. com- 
panies producing computer-related products led all 
other industries. 


Process innovation appears as prevalent as 
product innovation. Nearly equal numbers of com- 
panies introduced new innovative processes and new 
innovative products during the target period. 


Firms that introduced new innovations were 
more likely to export than were those that did 
not. Half of innovators reported export sales in 1992 
compared with just over one-third of noninnovators. 


R&D continues to be an important part of the 
innovation process. According to the survey, 84 
percent of all innovators performed R&D in 1992 and 
91 percent of innovators planned to undertake R&D 
during 1993-95. 


27) 


Introduction 


Chapter Background 


Throughout history, the development and use of tech- 
nological innovations have marked important new eras 
in time and human evolution. Man’s first use of tools 
marked the evolution of the human species to what is 
often referred to as Modern Man. Techimological innova- 
tion associated with the industrial revolution marks the 
movement of modern civilization’s economic center from 
the farm to the city. Now, technological innovations 
appear ready to beckon a new age, one that already 
shows signs of revolutionizing the way society works, 
educates, and recreates. 

This chapter focuses on industry-sector activities asso- 
ciated with the technologies that are bringing about this 
new age. The chapter serves to highlight the unique role 
played by U.S. industry within the Nation’s science and 
technology (S&T) enterprise as it develops, uses, and 
commercializes investments in S&T made by industry, 
universities, and government. Within the chapter, indica- 
tors, or proxies, identify trends that provide measure- 
ments of industry’s part in the S&T enterprise. 


Chapter Organization 


The chapter begins with a presentation on trade in 
advanced technology products. These technology prod- 
ucts represent economic outputs of national R&D, pro- 
duced mostly by what are often referred to as 
high-technology industries.' High-tech industries are 
important because they have high R&D spending and per- 
formance that produce innovations that “spill over” into 
other economic sectors and they help to train new scien- 
tists, engineers, and other technical personnel (Tyson, 
1992). In this chapter, the market competitiveness of 
nations’ technological advances, as embodied in new 
products and processes associated with their high-tech 
industries, serves as an indicator of the effectiveness of 
the S&T enterprise. In this sense, the marketplace pro- 
vides a commercial-based evaluation of countries’ use of 
science and technology. While the products included in 
this classification system come from many of the manufac- 
turing industries normally considered high-tech (includ- 
ing aerospace, electronics, and pharmaceuticals), they 
also include computer software and certain telecommuni- 
cation and biotechnology products traded by firms that 
would be classified in the service and agricultural sectors. 

The chapter also examines data on royalties, fees, and 
technology agreements to gauge the open-market value 
of U.S. firms’ intangible (intellectual) property and tech- 


'There is no single preferred methodology for defining high-technol- 
ogy industries. The identification of those industries considered to be 
high-tech has generally relied on some calculation comparing R&D 
intensity. R&D intensity, in turn, typically has been determined by com- 
paring industry R&D expenditures and/or numbers of technical people 
employed (i.e., scientists, engineers, and technicians) with industry 
value added or the total value of the industry's shipments. 
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nological know-how. These data also provide insight 
about the technological capabilities of newly industrial 
ized and developing countries. 

The chapter then explores several leading indicators of 
technology development through (1) an examination of 
changing emphases in industrial R&D among the major 
industrialized countries and (2) an extensive analysis of 
patenting trends. The chapter introduces indicators that 
dissect patent records to produce new measures of a 
patent's technological importance, impact, and ties to sci- 
ence. The chapter also uses a follow-up survey by the U.S. 
Census Bureau to update information gained from a 1988 
survey on industry's use of advanced technologies in 
manufacturing operations. These two surveys provide 
information on changes in industry’s use and planned use 
of 17 technologies over a 5-year period. Next, the chapter 
provides a perspective on small business, with a discus- 
sion of new information on the technology areas that sup- 
port new business formatior s and attract foreign capital. 

The chapter concludes with a presentation of results 
from a pilot study of innovation activities in U.S. industry. 
These data are limited in their scope and depth; never- 
theless, they provide interesting insights into the pro- 
cess and characteristics of industrial innovation. 


The Market for Technology Products 


Across the globe, new technology products have 
reshaped and revolutionized the workplace and have 
reshuffled the world economies into two groups: nations 
that use and produce advanced technologies and those 
that aspire to do the same. 

In the United States, the development and use of 
important technologies has been the subject of reports 
from a number of perspectives (Mogee, 1991). The latest 
of three such reports commissioned by the President's 
Office of Science and Technology Policy lists 27 tech- 
nologies in seven major areas identified as critical to 
“develop and further long-term national security or eco- 
nomic prosperity in the United States” (National Critical 
Technologies Review Group, 1995).’ This report also 
assesses national leadership in the development of each 
technology. (The specific technologies that made this 
list and the U.S. position relative to Japan and Europe are 
presented in text table 6-1.) The report lists the United 
States as the leader or co-leader with Japan or Europe in 
all 27 technology areas. The report does not assess how 
well the United States converts its technological know- 
how into new products and services that find demand in 
a competitive, global marketplace. That evaluation is 
made next through an examination of U.S. trade in 
advanced technology products. 


“The agricultural sector accounted for 12 percent of U.S. exports in 
1994 and is an important performer of R&D and developer of new tech- 
nologies in the United States. Agriculture and food technologies is one 
of the national critical technology areas identified by the National 
Critical Technologies Review Group. 
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Text table 6-1. 


¢ 6-5 


National critical technologies: technology position and 1990-1994 trend 


US Technology Position Relative to: 


Energy efficiency 
Storage, conditioning, distribution, and transmission 
Improved generation 


Monitoring and assessment 
Remediation and restoration 


ts 
Communications 
Computing systems 
Information management 
Intelligent complex adaptive systems" 
Sensors 
Software and toolkits 


Biotechnology 


Medical technologies 
Agriculture and food technologies 
Human systems 


Manufacturing 

Discrete product manufacturing 
Continuous materials processing” 
Micro/nanofabrication and machining 


eeV 


+ 

} 
; 2 @ 2a 
rears = 


“Based on limited information 


SOURCE: National Critical Technologies Review Group, Nationa! Critical Technologies Report (Washington, DC: March 1995), figure S.1, p.vii 


U.S. Trade in 
Advanced Technology Products 


In order tc track and understand trade in new technol- 
ogy products better, the U.S. Bureau of Census has 
developed a classification system for exports and 
imports of products that embody new or leading-edge 
technologies. This classification system allows trade in 
high-tech products to be examined in 10 major technolo- 
gy areas that have led to many leading-edge products. 
These 10 advanced technology areas encompass many 
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of the “critical” technologies discussed in the previous 
section.’ The 10 advanced technology product areas are: 


@ Biotechnology—the medical and industrial application 
of advanced genetic research to the creation of new 
drugs, hormones, and other therapeutic items for 
both agricultural and human uses: 


For <n explanation of the methodologies used to identify the prod 
ucts included in this definition. see Wilson (1994). Abbott (1991). and 
Abbott, McGuckin, Herrick, and Norfolk (1989) 


@ Life science technologies—application of scientific 
advances (other than biological) to medical science. For 
example, medical technology advances such as nuclear 
resonance imaging, echocardiography, and novel 
chemistry, coupled with new production techniques for 
the manufacture of drugs, have led to new products that 
allow for control or eradication of disease; 


@ Opto-electronics—development of electronic products and 
components that involve emission or detection of light, 
including optical scanners, optical disc players, solar 


@ Computers and telecommunications—development of 
products that process increasing volumes of informa- 
tion in shorter periods of time, including facsimile 
machines, telephonic switching apparatus, radar appa- 
ratus, communications satellites, central processing 
units, computers, and peripheral units such as disk 
drives, control units, modems, and computer software; 


@ Electronics—development of electronic components 
(except for opto-electronic components), including 
integrated circuits, multilayer printed circuit boards, 
and surface-mounted components, such as capacitors 
and resistors, that result in improved performance 
and capacity and, in many cases, reduced size; 


@ Computer-integrated manufacturing—development of 
products for industrial automation, including robots, 
numerically controlled machine tools, and automated 
guided vehicles that allow for greater flexibility to the 
manufacturing process and reduces the amount of 
human intervention; 


@ Material design—development of materials, including 
semiconductor materials, optical fiber cable, and 
video discs, that enhance application of other 
advanced technologies; 


@ Aerospace—development of technologies, such as 
most new military and civil helicopters, airplanes, 
and spacecraft (with the exception of communication 
satellites), turbojet aircraft engines, flight simulators, 
and automatic pilots; 


@ Weapons—development of technologies with military 
applications, including guided missiles, bombs, torpe- 
does, mines, missile and rocket launchers, and some 
firearms; and 


@ Nuclear technology—development of nuclear power 
production apparatus, including nuclear reactors and 
parts, isotopic separation equipment, and fuel car- 
tridges (nuclear medical apparatus is included in life 
science rather than this category). 


Industry analysts who are expert in foreign trade data, 
knowledgeable about product manufacturers, and aware 
of how products are manufactured identify whether 


/ 
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internationally traded products fall into any of these cate- 
gories. To be included in a category, a product must con- 
tain a significant amount of one of the leading-edge 
technologies, and the technology must account for a sig- 
nificant portion of the product's value.‘ Since the charac- 
teristics of products the United States exports are likely 
to be different from the products the Nation imports, the 
experts evaluated exports and imports separately. 


The Importance of Technology 
Product Trade to Overall U.S. Trade 


U.S. trade in technology products accounted for 17 to 19 
percent of all U.S. trade (exports plus imports) in goods 
and services between 1990 and 1994. (See text table 6-2.) 
Total U.S. trade approached $1.2 trillion in 1994; $219 bil- 
lion involved trade in technology products. Technology 
products account for a much larger share of U.S. exports 
than U.S. imports (24 percent versus nearly 19 percent in 
1994) and, therefore, make a positive contribution to the 
overall balance of trade. Yet the surplus generated by 
trade in technology products has declined each year since 
1991. (See figure 6-1 and appendix table 6-1.) 

Between 1990 and 1994, the U.S. trade surplus in soft- 
ware technology doubled and trade in computer-integrated 
manufacturing technologies, those used to automate the 
manufacturing process, generated a sizable surplus. During 
this same period, trade in aerospace technologies consis- 
tently produced large, albeit declining, trade surpluses for 
the United States. Aerospace technologies generated a net 
inflow of $26 billion in 1990, and almost $30 billion in 1991 
and in 1992, then declined 13 percent in 1993 and 9 percent 
in 1994. While U.S. aerospace companies continue to lead 
the world in aircraft production and global shipments, 
Europe’s Airbus industry now challenges U.S. companies’ 
preeminence both at home and in foreign markets. The 
impact of this trend is evident in the trade data. In 1990, U.S. 
trade in aerospace technologies with Germany, the United 
Kingdom, France, and Italy produced a $5.5 billion trade 
surplus. In 1994, the U.S. trade surplus with Europe was 
less than half that amount (S2 billion). 


‘Consequently, the process lacks objective criteria to separate 
advanced technology products from all other products, but rather 
relies on the judgments of knowledgeable experts for product identifi- 
cation. These judgments are reviewed by other experts to minimize 
the impact of expert subjectivity. There is no single preferred method- 
ology for identifying high-technology industries. The identification of 
those industries considered to be high-tech has generally relied on 
sore calculation comparing R&D intensities. R&D intensity, in turn, has 
typically been determined by comparing industry RaD expenditures 
and/or numbers of technical people employed (i.e., scientists, engi- 
neers, and technicians) with industry value added or the total value of 
its shipments. These classification systems also suffer from a degree of 
subjectivity, introduced by the assignment of establishments and prod- 
ucts to specific industries. The information produced by these rap 
intensity-based classification systems is often distorted by the inclu- 
sion of all products produced by the selected high-tech industries, 
regardless of the level of technology embodied in the product. The 
advanced technology product system of trade data allows for a highly 
disaggregated, more focused examination of technology embodied in 
traded goods compared with that possible with any industry-based 
classification system. 
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Text table 6-2. 
U.S. international trade in goods and services 
1990 1991 1992 1993 1994 
Total exports (billions of US dollars) _ . 393.0 4219 4475 4648 512.4 
Technology products (percent)... .. . 24.1 24.1 23.9 23.3 23.6 
Other goods and services (percent) 75.9 759 76.1 76.7 764 
Total imports (billions of U.S. dollars) . . 495.3 488.1 532.4 580.5 663.8 
Technology products (percent)... ... 12.0 13.0 13.5 14.0 148 
Other goods and services (percent) 88.0 87.0 86.5 86.0 85.2 
Total trade (billions of U.S. dollars) .. . 888.3 910.0 979.9 1,045.3 1,176.2 
Technology products (percent) ...... 17.3 18.1 18.3 16.1 18.6 
Other goods and services (percent) 82.7 81.9 81.7 81.9 81.4 


NOTE: Total trade is the surn of total exports and total imports. 
SOURCE: U.S. Bureau of the Census. special tabulations, 1995. 


Figure 6-1. 
U.S. trade balance in 
Billions of U.S. dollars 
40 
oo Total so 
% | 
20 
a OE 
10 
NAFTA 8a enennnsnnsesere® 
Latin America 
: Atnca. cee ereeeenses 
Pay Wmmmmmmrtrvererreeerecsoccbcccteeerereen 
East Europe 
Asia 
-10 
-20 4 ; . . 
1990 1991 1992 aan — 


NOTES: NAFTA countnes are Canada and Mexico; Europe Four 
countnes are the United Kingdom, France, Germany, and Italy 


See appendix table 6-1. 
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In 1990, opto-electronics and electronics products were 
the only technology areas that produced net trade deficits 
for the United States. However, by 1994, the United 
States had trade deficits in three areas: opto-electronics, 
electronics, and computers and telecommunications. 
(See figure 6-2.) During this period, massive trade 
deficits with several Asian economies in these three tech- 
nology areas overwhelmed trade surpluses generated 
from trade with other countries. 

The surplus in U.S. trade in advanced technology prod- 
ucts provides one indicator of U.S. industry's ability to 
convert technological knowledge into products that reap 
economic benefits for the country. The following sec- 
tions examine in greater detail the markets for U.S. 
exports and the sources of U.S. imports. 


U.S. Exports of Technology Products 


U.S. exports of technology products account for nearly 
one-quarter of all U.S. goods and services sold in foreign 
markets. U.S. exports of technology products grew 
steadily during the 1990s, rising from $94.7 billion in 
1990 to $120.8 billion by 1994. 

In 1994, the last year for which data are available, 3 of 
the 10 technology categories accounted for 85 percent of 
total U.S. technology product exports: computers and 
telecommunications (35.5 percent of technology exports 
in 1994), hereafter referred to as information technology: 
aerospace (29.0 percent); and electronics (21.3 percent). 
Included in the information technology category are soft- 
ware products. Export sales of U.S. computer software 
products grew rapidly during 1990-94, nearly doubling 
in value, but still accounted for just 2.5 percent of total 
technology product exports in 1994. U.S. electronics hap- 
pened to be the fastest growing technology area, nearly 
tripling as a share of all U.S. technology exports during 
the 5-year period examined. 


Figure 6-2. 

U.S. trade balance in advanced technology 
products, by all categories and the most highly 
traded categories 
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Top Customers, by Technology Area 

The United States is the world’s leading exporter of 
technology products, finding demand in every corner of 
the world—from the most advanced countries to the 
least developed. (See World Export Shares in Advanced 
Technology Trade.) Japan and Canada are U.S. industry's 
largest nation customers; each country is the destination 
for about 12 percent of total U.S. technology exports. 
European and other Organisation for Economic 
Cooperation and Development (OECD) countries are 
also important consumers of U.S. technology products. 
New markets have developed in several newly industrial- 
ized and developing economies, especially in Asia. 
Technology purchases by these economies now rival lev- 
els sold to many of the advanced European countries. 

Japan and Canada are among the top three customers 
across the range of U.S. technoluzy products Japan 
ranks in the top three in all technology areas; Canada in 
eight). (See figure 6-3.) Germany is a leading consumer 
of U.S. products in three technology areas: life science 
products, opto-electronics, and nuclear technologies. 
While several other advanced nations are also important 
customers for particular U.S. technologies, notably the 
United Kingdom (telecommunications and aerospace), 
France (aerospace), and Belgium (biotechnology), sev- 
eral of the newly industrialized and emerging Asian 
economies now rank among the largest customers for 
U.S. technology products. 


World Export Shares in Advanced Technology Trade 


How does the United States compare with other 
nations in trade in advanced The 
United States is the world’s leading exporter of 
advanced technology products. (The world was 
defined as OECD country exports plus OECD imports 
from nonmember countries.) (See text table 6-3.) The 
U.S. lead is greatest in aerospace, biotechnology, 
weapons, and life science technologies and weakest in 
opto-electronics and manufacturing technologies. 

For such an assessment, a crosswalk was construct- 
ed between the 10-digit Harmonized Trade Codes and 
the 5-digit Standard International Trade Classification 
(SITC) system (Revision 3) and applied to OECD’s 
Trade Series C data base. This process creates broader 
product areas than were originally identified by the 
Census classification process. An inspection of the 
products included in each technology after the cross 
walk shows some dilution in sophistica- 
tion compared with the products included in the 
Census list. 


Technology States Japan Germany 
All technologies ......... 25.2 17.0 11.7 
Biotechnologies ......... 37.0 43 19.1 
Life science technologies.... 27.5 13.8 20.4 
Opto-electronics......... 13.7 228 24.0 
information technologies |. . 18.5 23.0 83 
Electronics... .......... 20.3 25.5 94 
Manufacturing technologies 16.2 21.5 219 
Advanced materiais....... 28.6 9.3 15.1 
Aerospace ............. 442 14 11.3 
Weapon technologies ..... 43 ar 12.1 
Nuclear technologies... . . 20.8 02 96 
SOURCE DRIM-G-~w-Hill, special tabulations, Apri 1904. 
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Figure 6-3. 


Three major export markets for U.S. technology products: 1994 


Biotechnology 


See appendix table 6-2 


U.S. Exports to Newly Developed 
and Developing Nations 


Trends in a nation’s purchases of foreign-made prod- 
ucts that contain cutting-edge technologies give some 
indication of that economy's technological sophistica- 
tion, and may suggest a national direction regarding 
technology development. Data on U.S. exports of tech- 
nology products to Asia, Latin America, and Africa pro- 
vide a measure of these trends. The United States is just 
one of several suppliers of technology products to devel- 
oping nations. Japan, Germany, and other OECD coun- 
tries are major suppliers of technology products and may 
be more dominant than the United States in particular 
regions. Nevertheless, the United States is the leading 
supplier of technology products to the international mar- 
ketplace and, therefore, U.S. exports can serve as an indi- 
cator of other nations’ technological activity. 


Asia 

Asia is an important customer for U.S. technology 
products. Japan, one of the largest consumers, has been 
joined by other Asian economies that have emerged as 
eager customers of U.S.-made advanced technologies. 
(See figure 6-4.) In 1994, the newly industrialized 
economies (NIEs) of Asia—Hong Kong, Singapore, 
South Korea, and Taiwan—together were the recipients 
of 17 percent of all U.S. technology exports; in 1990, they 
accounted for 12 percent. Singapore, the smallest of 
these Asian economies, has become the second largest 
Asian market after Japan, ahead of the much larger 
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economies of South Korea and Taiwan.° Electronics, 
computers, and telecommunications products account 
for approximately 66 percent of all U.S. technology prod- 
uct exports to Singapore. Bringing in these information- 
based advanced technology products from the United 
States helps Singapore move even more quickly toward 
its national goal of developing an information-based 
economy. Aerospace technology accounts for another 28 
percent of the United States’ technology exports to 
Singapore. U.S.-made commercial aircraft and parts have 
helped to make Singapore's national airline an important 
provider of air transportation in the region. 

The two larger NIEs, South Korea and Taiwan, are on 
a similar level of economic development as Singapore; 
yet, on a per capita basis, these economies purchase far 
fewer technology products from the United States. 
Either they are more technologically self-sufficient or 
they have sources of advanced technologies elsewhere. 
Other indicators presented in the chapter would suggest 
that they are more technologically self-sufficient than the 
other NIEs. Still, they continue to be important cus- 
tomers for U.S. technologies. South Korea purchased 5.1 
percent of U.S. technology exports in 1994 and Taiwan 
4.5 percent. As with Singapore, electronics, computers 
and telecommunications, and aerospace products are the 
primary U.S. technologies shipped to these Asian NIEs. 

Many of the fastest growing export markets for U.S. 
technology products are also found in Asia. U.S. technol- 


‘Singapore's population is half as big as Hong Kong's and about 4, 
the size of South Korea 
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Figure 6-4. 
U.S. technology exports, by region: 1994 
Millions of U.S. dollars 
30,000 
» E38 A a 
Europe Comp. & telecom Aerospace Electronics Other 
Four $9,261.45M $8,919.9M $3,399.8M $3,749.8M 
$25,331 
25,000 Asian Electronics Aerospace Comp. & telecom Other 
NIEs $7,858.2M $5,677.1M $5.014.6M $2,622. 5M 
$21.172 North Comp & telecom Electronics Aerospace Other 
: America $9.142.41M $5,250.31M $2.240.24M $2.409.9M 
20,000 $19,043 Asian Aerospace Electronics Comp. & telecom. Other 
EAES $5,042.7M $2.270.1M $1,165.5M $306.5M 
South Comp. & telecom Aerospace Life sciences Other 
America $2,209.8M $387.9M $292.9M $347.8M 
15,000 Eastern Aerospace Comp. & telecom Life sciences Other 
Europe $457.6M $300.1M $84.5M $90.7M 
Africa Comp. & telecom Aerospace Life sciences Other 
$243.8M $139.2M $43.2M $58. 8M 
10,000 
5,000 
$3,238 
0 
Europe Four' Asian NiES? North America Asian EAEs® SouthAmerica Eastern Europe Africa 
NOTES: 


‘ Europe Four countries are Federal Republic of Germany, France, Italy, and United 
2 Asian newly industrialized economies (NIES) are Hong Kong, South Korea, Singapore, and Taiwan. 


3 Emerging Asian economies (EAEs) are China, india, Indonesia, and Malaysia. 


See appendix table 6-1. 


ogy exports to four emerging Asian economies (EAEs)— 
China, India, Indonesia, and Malaysia—approached $9 
billion in 1994, which represents a doubling over the 
past 5 years. Malaysia, the smallest of the four in terms 
of land mass and population, was the biggest consumer 
of U.S. technology products in 1994; purchases totaled 
nearly $4.6 billion. By comparison, U.S. technology 
exports to China exceeded $3 billion in 1994, two-and- 
one-half times the value exported to China in 1990. 
Aerospace products are the primary U.S. technology 
exported to China and Indonesia (63 percent and 76 per- 
cent, respectively, of each country’s technology imports 
from the United States). India’s imports of U.S. technolo- 
gy products were concentrated in two areas: aerospace 
products (41 percent of India’s technology imports from 
the United States in 1994) and information technologies 
(28 percent). U.S. electronics were the primary technolo- 
gy export to Malaysia in 1994. 
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China, India, Indonesia, and Malaysia together have over 
2 billion people and represent many of the world’s fastest 
growing economies. They are also committed to technolo- 
gy-driven, economic development. As the recent trends in 
U.S. exports suggest, these market dynamics have not 
escaped the attention of U.S. technology producers. 


South America 

U.S. exports of advanced technology to four of the larg- 
er South American countries (Argentina, Brazil, Chile, 
and Peru) grew from $2.2 billion in 1990 to $3.2 billion in 
1994. These dollar volumes represented 2.3 percent 
(1990) and 2.7 percent (1994) of all U.S. technology 
exports, about one-sixth the amount exported to the 
Asian NIEs. 

U.S. information technologies accounted for 68 percent 
of all technology exports to the four-country South 
American region in 1994; in 1990, aerospace products 
dominated the region’s technology imports from the 
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United States. Brazil is the region’s largest consumer of 
U.S. technology products, but since 1990 its relative 
share has declined. Conversely, Argentina’s imports of 
U.S. technology products tripled in dollar value from 
1990 to 1994, although it still purchased less than 60 per- 
cent of the amount purchased by Brazil in 1994. 

The U.S. technology area that experienced the most 
growth in exports to South America is computer soft- 
ware technology, which grew 600 percent in just 5 years 
($129 million in 1994, up from $14 million in 1990). U.S. 
life science technologies (pharmaceuticals and medical 
equipment) and biotechnology exports to South America 
also increased sharply from 1990 to 1994. 


Eastern Europe 

U.S. exports of technology products to three East 
European countries—Hungary, Poland, and Russia—are 
small in comparison with those exported to the Asian 
NIEs, and only one-third the amount exported to the 
four South American countries. Together they account- 
ed for just 0.8 percent of all U.S. technology exports in 
1994. Obstacles preventing greater exports to these 
three countries include the lack of foreign exchange 
and suitable infrastructure to fully utilize many 
advanced technologies. 

Two product areas account for over 80 percent of U.S. 
technology exports to this area of Europe: aerospace and 
information technologies. Hungary and Poland together 
import less than Russia, and that gap has widened dur- 
ing the 1990s. Russia spent nearly $344 million on U.S. 
aerospace products in 1994, after spending less than $40 
million in the previous 2 years. Exports of U.S. informa- 
tion technologies to Russia have also increased; ship- 
ments doubled from 1992 to 1993 to reach $185 million, 
with another $177 million purchased in 1994. 

U.S. technology exports to Hungary and Poland, like 
those to Russia, are primarily aerospace and informa- 
tion technologies. Consistent with a need to retool 
manufacturing facilities, the fastest growing technolo- 
gy area for U.S. exports to Eastern Europe is robotics 
technology. 


Africa 

U.S. exports of technology products to the three top 
importing African countries (Kenya, Nigeria, and South 
Africa) totaled just $485 million in 1994, representing 0.4 
percent of all U.S. technology exports that year and about 
one-half what was exported to the three Eastern 
European countries. Exports of U.S. technology to South 
Africa are 10 times exports to Nigeria and Kenya com- 
bined, and will likely increase in the near future, with the 
lifting of the international boycott on investment and 
trade. Well over 80 percent of South Africa’s technology 
imports from the United States are concentrated in infor- 
mation technologies and aerospace. Software products 
are clearly the fastest growing area for U.S. technology 
exports to South Africa. In 1990, U.S. software sales 
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totaled just $490,000, but they rose dramatically each 
year thereafter and reached $51 million by 1994. 

As observed for other developing countries, U.S. tech- 
nology exports to Nigeria and Kenya are made up pri- 
marily of information and aerospace technologies. U.S. 
sales of life science technologies to both nations were 
also strong, in particular to Nigeria in 1992 and 1993. 
During 1990-92, weapons accounted for 10 to 16 percent 
of Kenya’s technology imports from the United States. 


U.S. Imports of Technology Products 


The United States is not only an important exporter of 
technologies to the world, but also it is a major con- 
sumer of foreign-made technologies. Imported technolo- 
gies enhance productivity of U.S. firms and workers, 
improve health care for U.S. residents, and offer U.S. con- 
sumers more choice. 

Technology products represent a significant and grow- 
ing share of all goods and services imported by the 
United States. U.S. imports of technology products grew 
steadily during the 1990s; these imports rose from $59.4 
billion in 1990 (representing 12 percent of total U.S. 
imports) to $98.4 billion by 1994, or nearly 15 percent of 
total U.S. imports. 

The three technology areas that account for the bulk 
of technology products shipped from the United States 
account for a slightly larger portion of technology prod- 
ucts shipped to the United States. In 1994, the last full 
year for which data are available, 3 of the 10 technology 
categories accounted for 89 percent of total U.S. technol- 
ogy product imports: information technologies (50.8 per- 
cent of technology exports in 1994), electronics (26.3 
percent), and aerospace (11.6 percent). Electronics was 
the fastest growing technology area for both U.S. imports 
and U.S. exports. 


National Sources for U.S. Technology Imports 

Asia and Europe supply over 80 percent df technology 
products imported by the United States. Europe’s four 
largest economies (Germany, France, Italy, and the 
United Kingdom) are smaller suppliers of technology to 
the United States than might be expected. If U.S. imports 
from the four largest European economies are grouped, 
the four supplied just 14 percent of U.S. technology 
imports in 1994, down from 19 percent in 1991 and 1992. 
By comparison, Asian countries supplied 65 percent of 
all technology products imported by the United States in 
1994, a steady rise since 1991. Japan alone exported 
more technology products to the United States than the 
four large European countries. Japan was the source for 
29 percent of all technology imported to the United 
States in 1994, followed by Singapore, the source for 11 
percent. South Korea, Taiwan, and Malaysia were also 
important suppliers of technology to the U.S. market. 
Imports from Malaysia grew so rapidly during the 1990s 
that by 1994, Malaysia became a larger supplier of 
imported technology to the United States than either 


South Korea or Taiwan. Technology products imported 
from China also surged during the 1990s. China supplied 
2.4 percent of U.S. technology imports in 1994 compared 
with just 0.3 percent in 1990. 

NAFTA partners, Canada and Mexico, together sup- 
plied, on average, 11 percent of U.S. technology imports 
during 1990-94. Canada is the United States’ largest 
overall trading partner when all goods and services are 
counted. The share of technology imports from Canada 
has declined from a high of 12 percent in 1990 to 8.5 per- 
cent by 1994. Mexico’s share is small but rising. 


Top Suppliers, by Technology Area 

The leading economies in Asia and Europe are impor- 
tant suppliers to the U.S. market in each of 10 technology 
areas. (See figure 6-5.) Japan is a major supplier in seven 
advanced technology categories, Germany in four. 
Consistent with their status as major industrialized 
nations, Canada and the United Kingdom also supply a 
wide variety of technology products to the United States 
and are among the top three in several technology areas. 

A large volume of technology products comes from 
the newly developed and developing Asian economies, in 
particular, Malaysia, Singapore, and South Korea. 
Growing technology product imports from these Asian 
countries and from other regions into one of the most 
demanding markets in the world suggest a widening of 
technological capabilities globally and increased compe- 
tition for U.S. producers in the future. 


Figure 6-5. 
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U.S. Technology Imports from Newly 
Developed and Developing Economies 


The market competitiveness of technology products 
from newly developed and developing economies pro- 
vides an important test for their science and technology 
enterprises: whether or not they are sufficiently devel- 
oped to generate advanced technology products that 
meet the demands of the international marketplace. A 
nation’s ability to export cutting-edge technology prod- 
ucts to technologically advanced markets, like that of the 
United States, provides such an assessment. Trade data 
also provide an indication of a developing economy’s 
focus with respect to technology development. (See 
figure 6-6.) 


Asia 

In 1994, the Asian NIEsS—Hong Kong, Singapore, 
South Korea, and Taiwan—together supplied nearly 26 
percent of all U.S. technology imports. Five years earlier, 
they accounted for 23 percent. Singapore ranks second 
in the region, behind only Japan and ahead of the much 
larger economies of South Korea and Taiwan. Inform- 
ation products and electronics together account for over 
95 percent of all technology product imports by the 
United States from Singapore.® These two technology 
areas also dominated U.S. technology imports from 
South Korea and Taiwan. 


*These two technology areas were also the focus of Singapore’s 
technology imports from the United States. 


Three major foreign suppliers of technology products to the United States: 1994 


Biotechnology 


Switzerland 
3.7 


See appendix table 6-2. 
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Figure 6-6. 
U.S. technology imports, by region: 1994 
Millions of U.S. dollars 
30,000 
o s cag & 
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Four $6.907.7M $2,878.0M $1,961 5M $2,252 8M 
$25,323 
25,000 Asian Comp & telecom Electronics Aerospace Other 
WiES $15,719. 7M $8,721.0M $299 25M $583.1M 
North Comp & telecom Aerospace Electronics Other 
America $6,053. 3M $2,353.1M $1,984 3M $500 8M 
20.000 Comp & telecom Electronics Opto-electronics Other 
. $5.545.0M $3,553.2M $552 8M $234. 7M 
Aerospace Comp. & telecom. Comp. integ. mfg Other 
$69 2M $69.0M $7.5M $6.1M 
Aerospace Nuclear technology Aerospace Other 
15,000 $171.2M $17.8M $13.9M $22.9M 
Life sciences Electronics Comp. & telecom Other 
$7.8M $3.7M $1.3M $1.6M 
10,000 
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Europe Four' 


Asian NiEs* North America Asian EAEs® South America Eastern Europe Africa 


NOTES: 
' Europe Four countries are Federal Republic of Germany, France, Italy, and United Kingdom. 
2 Asian newly industrialized economies (NiEs) are Hong Kong, South Korea, Singapore, and Taiwan. 


3 Emerging Asian economies (EAES) are China, india, Indonesia, and Malaysia. 


See appendix table 6-1. 


Other Asian economies are developing into important 
suppliers of technology products to the U.S. market. U.S. 
technology imports from four EAEs—China, India, 
Indonesia, and Malaysia—approached $10 billion in 1994, 
up from just $2.1 billion in 1990. Once again, Malaysia 
stands out, with exports to the United States twice that of 
the others’ exports combined in 1994. Electronics has been 
the major U.S. technology import from Malaysia, although 
U.S. imports of information technology products grew quick- 
ly and, by 1994, ranked a close second. U.S. technology 
imports from China, India, and Indonesia are primarily infor- 
mation products. In 1994, information products accounted 
for 82 percent of all U.S. technology imports from China, 78 
percent from India, and 88 percent from Indonesia. Indian 
scientists and engineers have gained worldwide recognition 
for their skills in software engineering. Those skills have 
helped spur India’s exports of software products. In 1994, 
software products accounted for 13 percent of India’s infor- 
mation technology exports to the United States. 


AFA 
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The growing bilateral trade activity evident from the 
preceding discussion cannot be explained solely as ship- 
ments between U.S. companies and affiliates in those 
countries. Other S&T indicators presented in this report 
(in particular, patenting and bibliometric trends and 
numbers of scientists and engineers in the working pop- 
ulation) also point to the expanding technological capaci- 
ties developing across Asia.‘ 


South America 

Trade in technology products between the United 
States and South America appears to be very one sided. 
While U.S. exports of advanced technology products to 
four of the larger South American countries (Argentina, 
Brazil, Chile, and Peru) grew from $2.2 billion in 1990 to 
$3.2 billion in 1994, U.S. technology imports were valued 
at just $363 million in 1990 and declined to $152 million 

‘Asia’s technological growth is examined in greater detail in two 


reports: Asia's New High-Tech Competitors (SRS, 1995) and Human 
Resources for Science & Technology: The Asian Region (SRS, 1993a). 


in 1994. This is contrary to a generally rising trend in 
U.S. imports from these four South American countries 
in all other goods and services. Information products 
and aerospace technologies accounted for over 90 per- 
cent of U.S. technology imports from these four coun- 
tries during the 1990s. (See figure 6-6.) 


Eastern Europe 

U.S. technology imports from the three former Eastern 
bloc countries, Hungary, Poland, and Russia, were larger 
than those imported from the four Latin American countries 
in 1994 and appear to be on an upward trend. Still, together 
they accounted for just 0.2 percent of all U.S. technology 
imports in 1994. Life science technologies (pharmaceuticals 
and medical equipment) make up a major portion of U.S. 
technology imports from Russia (76 percent in 1994) and 
Hungary (42 percent).® Aerospace technologies accounted 
for nearly half of all technology imports from Poland. 
Information products and electronics were two growth areas 
for Hungary and Poland. Imports of nuclear technologies 
from Russia were quite large (9 percent of the total) in 1994. 


Africa 

The United States exports more technology products 
to Africa than it imports from Africa. This trade surplus 
is less than the surplus generated from bilateral trade 
with Latin America during the 1990s; it is similar to the 
surplus observed for Eastern Europe. U.S. imports of 
technology products from three African countries 
(Kenya, Nigeria, and South Africa) totaled just $14 mil- 
lion in 1994, representing 0.1 percent of all U.S. technolo- 
gy imports that year. Imports of technology products 
from South Africa are 10 times imports from Nigeria and 
Kenya combined. In 1994, 57 percent of U.S. technology 
imports from South Africa and 33 percent from Nigeria 
were life science technologies. Information products 
dominate U.S. bilateral trade with Kenya. Life science 
technology appears to be the fastest growing technology 
area for African exports to the United States.’ 


Royalties and Fees Generated 
from intellectual Property 


The United States has traditionally maintained a large 
surplus in international trade of intellectual property. 
Trade in intellectual property includes the licensing and 
franchising of proprietary technologies, trademarks, and 
entertainment products. These transactions generate net 


‘In 1994, the Republic of Solvenia was the leading foreign supplier of 
biotech products to the United States; in 1993, it was the ninth leading 
supplier. Slovenia declared its independence in 1991 and was accepted 
as a new member to the United Nations on May 22, 1992. Biotech- 
nology research in Slovenia focuses on cloning and gene expression in 
E. coli, studies on metabolic regulation, and development of processes 
for new fungal metabolites (Ministry of Science and Technology of the 
Republic of Slovenia, 1992; The Centre for International Cooperation 
and Development, 1992). 

*Many of the scientists and engineers building technological capabil- 
ities in Kenya and Nigeria were educated at U.S. universities. (See 
chapter 2, Higher Education in Science and Education.) 
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revenues for U.S. firms in the form of royalties and 
licensing fees. 


U.S. Royalties and Fees from All Transactions 

U.S. receipts from all trade in intellectual property 
exceeded $20 billion in 1993, more than double the U.S. 
receipts just 5 years earlier. (See appendix table 6-2.) 
During the period 1987-93, U.S. receipts were generally 
four to five times as large as U.S. payments to foreign 
firms for intellectual property. Most (about 75 percent) of 
the transactions involved exchanges of intellectual prop- 
erty between U.S. firms and their foreign affiliates. (See 
figure 6-7.) Exchanges of intellectual property between 
affiliates is growing faster than those between unaffiliated 
firms. This trend suggests a growing internationalization 
of U.S. business and a desire to retain a high level of con- 
trol on any intellectual property leased overseas. 


U.S. Royalties and Fees from Trade 
in Technical Knowledge 

Data on royalties and fees can be further disaggregat- 
ed to reveal U.S. trade in technical know-how resident in 
the industrial sector. These data describe transactions 
between unaffiliated firms where prices are set through a 
market-related bargaining process. Therefore, these data 
better reflect the exchange of technology and its market 
value at a given point in time than do data on exchanges 
between affiliated firms. When receipts (sales of technical 
know-how) consistently exceed payments (purchases), 
these data may indicate an advantage in the creation of 
industrial technology. Examining the record of the result- 


Figure 6-7. 
U.S. trade balance of royalties and fees, 
by affiliation of companies 


Billions of U.S. dollars 
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ing receipts and payments also provides an indicator of 
the production and diffusion of technical knowledge. 

The United States is a net exporter of technology 
sold as intellectual property. Royalties and fees 
received from foreign firms have been, on average, 
three times those paid out to foreigners by U.S. firms 
for access to their technology. U.S. receipts from such 
technology sales approached $2.8 billion in 1993, up 
from $1.7 billion in 1987. (See figure 6-8 and appendix 
table 6-3.) 

Japan is the largest consumer of U.S. technology sold in 
this manner. In 1993, Japan accounted for over 50 percent of 
all such U.S. receipts, while the European Community coun- 
tries together represented 18 percent. South Korea 
increased its purchases of U.S. technological know-how dur- 
ing the 7 years for which data are available. It has become 
the second largest consumer of U.S. industrial processes, 
with a 10-percent share in 1993, up from just a 2-percent 
share in 1987. 

To a large extent, the U.S. surplus in the exchange of 
intellectual property is driven by trade with Japan. In 1993, 
U.S. receipts (exports) from technology licensing transac- 
tions were seven times U.S. firm payments (imports) to 
Japan. On the other hand, the U.S. trade surplus with 
Europe in sales of technological know-how has declined 
over the past 4 years, in large part because of increasingly 
larger trade deficits with Germany and the United Kingdom. 


gs nn 
of industrial processes between unaffiliated 


companies: 1993 


European Community 


See appendix table 6-3. 
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international Trends 
in industrial R&D" 


In high-wage countries like the United States, indus- 
tries stay competitive in a global marketplace through 
innovation. Innovation can lead to better production pro- 
cesses and better performance of products (i.e., more 
durable, more economical, etc.); it can thereby provide 
the competitive advantage high-wage countries need in 
order to compete with low-wage countries. 

Trends in industrial R&D performance are indicators 
of nations’ innovative efforts. Research and development 
activities generate new ideas that lead to new processes 
and products—even new industries. While they are not 
the only source of new innovations, R&D activities con- 
ducted in industry-run laboratories and facilities are 
associated with many of the important new ideas that 
have helped shape modern technology. U.S. industries 
that traditionally conduct large amounts of R&D have 
met with greater success in foreign markets than less 
R&D-intensive industries, and have been more support- 
ive of higher wages for their employees.'! Trends in 
industrial R&D performance also serve as leading indica- 
tors of future technological performance. 

This section examines R&D trends using a data base 
developed at OECD. It describes trends in all industrial 
R&D performed from 1973 through 1992, regardless of 
the source of funding.'* The discussion begins with a 
comparison of overall trends in industrial R&D activity. 
This analysis is followed by a discussion of trends in the 
top R&D-performing industries in the United States and 
in those of its two major competitors in the global mar- 
ketplace, Japan and Germany. 


Overall Trends 


The United States has long led the industrialized 
world in the performance of industrial R&D. Over the 
past 2 decades, however, U.S. dominance has been chal- 
lenged. The U.S. share of total industrial R&D performed 
by the OECD countries fell between 1973 and 1992. (See 
figure 6-9.) Despite this decline, the United States remains 
the leading performer of industrial R&D by a wide margin, 
even surpassing the combined R&D of the 12-nation 
European Community. True to its belief in the economic 


Data from OECD's Structural Analysis Database for Industrial 
Analysis, Analytical Business Enterprise R&D file (STAN/ANBERD) are 
used to examine trends in total industrial R&D. This data base tracks 
all R&D expenditures (both defense- and non-defense-related) carried 
out in the industrial sector regardless of funding source. For an exami- 
nation of U.S. industrial r&p by funding source, see chapter 4, 
Research and Development: Financial Resources and Institutional 
Linkages. 

"See U.S. Department of Commerce (1995) and chapter 6, The 
Global Markets for U.S. Technology in Indicators of Science and 
Engineering—1993 (National Science Board, 1993) for a presentation 
of recent trends in U.S. industry's competitiveness in foreign and 
domestic product markets. 

These data are not categorized by type of rad performed (.e., 
basic, applied, or development). Both defense- and non-defense-related 
R&D conducted in the industrial sector are included in these data. 
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Figure 6-9. 
Shares of total industrial R&D in OECD countries 
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SOURCE: The Organisation for Economic Co-operation and 
Development, Main Science and Technology indicators data base 
(Paris: OECD, May 1995). 
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benefits of investments in R&D, Japan followed a high 
R&D growth path during the 1970s and 1980s that led to a 
near doubling of its share of total OECD R&D over the 20- 
year period. 


R&D Performance by Industry 


The United States, Japan, and Germany represent the 
three largest economies of the industrialized world and 
compete head to head in international markets. An analy- 
sis of R&D data provides some explanation for nations’ 
past successes in certain product areas, provides insight 
into future product development, and also signals shifts 
in national technology priorities. '” 


The United States 

R&D performance by U.S. industry followed a pattern 
of rapid growth during the 1970s, which accelerated dur- 
ing the early 1980s. That growth pattern stalled during 
the latter part of the decade, showing only meager 
growth, when performance is adjusted for inflation. That 
deceleration continued into the 1990s, as overall U.S. 
industrial R&D grew less than 3 percent in 1991 and by 
just 1 percent in 1992. 


'SIndustry-level data are occasionally estimated in order to provide a 
complete time series for the 1973-92 period. 
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These numbers would look far worse were it not for the 
growth in R&D performed by U.S. nonmanufacturing indus- 
tries. While R&D performance by U.S. manufacturers has 
not kept pace with inflation since the mid-1980s, R&D per- 
formance by U.S. nonmanufacturing industries grew rapid- 
ly. (See figure 6-10 and appendix table 64.) An examination 
of the latest data on overall U.S. industrial R&D performance 
shows the nonmanufacturing sector’s share at 4 percent in 
1982 but rising to 25 percent by 1992. Very little detail is 
available that breaks down the nonmanufacturing sector by 
industry, but R&D performance by computer software com- 
panies and companies providing communication services 
increased significantly in recent years and are examples of 
types of service-sector industries driving this trend.'* 

In the manufacturing sector, R&D performance in sev- 
eral industries, including pharmaceuticals companies, 
companies primarily engaged in the manufacture of sci- 
entific instruments, and chemical companies, outpaced 
inflation in the latest period. R&D performance of the air- 
craft and motor vehicle industries did not keep pace with 
inflation. The trend in the aircraft industry’s declining 


''See table 2 in NSF's Selected Data on Research and Development in 
Industry (SRS, 1993b; 1993c, forthcoming). 


Figure 6-10. 
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R&D, when measured in 1990 dollars, was a continuation 
of a trend that began in the mid-1980s. The decline in 
motor vehicle industry R&D during the 1990s, in real dol- 
lars, reverses a pattern of strong R&D growth during the 
previous decade. 

The U.S. aircraft and communications equipment 
industries have consistently been the largest performers 
of R&D. Comparing R&D performance in 1982 and 1992 
shows a shift in the Nation’s R&D emphasis. Although 
the aircraft and communications equipment industries 
retain their top positions as the leading R&D performers 
in the United States, their share of total R&D fell over the 
10-year period. Other manufacturing industries are per- 
forming more R&D, as are service-sector industries. (See 
figure 6-10.) Service-sector industries (as a group) 
exceeded the R&D performed by the top two manufactur- 
ing industries in 1992. 


Japan 

Since 1973, R&D performance in Japanese manufactur- 
ing industries grew at a higher annual rate than in the 
United States, and faster than either the United States or 
Germany since 1980 (OECD, 1994). Japanese industry 
continued to expand its R&D spending rapidly through 
1985, more than doubling the annualized rate of growth 
seen during the 1970s. Japanese industrial R&D spend- 
ing slowed somewhat during the second half of the 
1980s, but Japan still led all other industrialized nations 
in terms of average annual growth in industrial R&D. 

Unlike the declining trend observed for manufacturing 
industries in the United States, Japanese manufacturing 
industries consistently accounted for over 95 percent of 
all R&D performed by Japanese industry. R&D in 
Japanese nonmanufacturing industries does appear to 
have accelerated during 1990-92, but Japan’s industrial 
R&D continued to be dominated by the manufacturing 
sector. (See figure 6-11 and appendix table 6-5.) 

An examination of the top five R&D-performing indus- 
tries in Japan reflects that country’s long emphasis on 
communications technology (including consumer elec- 
tronics and all types of audio equipment). This industry 
was the leading performer of R&D throughout the peri- 
od reviewed. Japan's motor vehicle industry was the 
third leading R&D performer in 1973, but rose to num- 
ber two in 1980 and remained at that level through 
1992. Japanese automobiles earned a reputation for 
high quality and value during these years, which 
earned Japanese auto makers larger and larger shares 
of the global car market. 

Electrical machinery producers also are among the 
largest R&D performers in Japan and have maintained 
high R&D growth throughout the period examined. By 
contrast, the U.S. electrical machinery industry's rank 
among the top U.S. R&D producers in the United States 
has dropped since 1973, while Japan’s industry moved 
up to become that country’s third leading R&D-perform- 
ing industry by 1992. 
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Another Japanese industry that has become a more 
important R&D performer is its computer and office 
equipment industry. Japan's computer and office equip- 
ment industry did not rank among the top five R&D per- 
formers until 1984. But rapid R&D growth during the late 
1970s and throughout the 1980s moved this industry 
ahead of Japan’s pharmaceutical industry. The industry 
has maintained this position through 1992. 


Germany 

During the 1980s, while much of the industrialized 
world focused even more resources on industrial R&D, 
industrial R&D growth in Germany slowed down. In fact, 
German R&D grew even more slowly during the second 
half of the decade than it did during the already sluggish 
growth period of the early 1980s. Industrial R&D growth 
continued to slow down during 1990-92 and, when 
adjusted for inflation, actually showed a decline in 1992. 

Like Japan, manufacturing industries continue to per- 
form over 95 percent of all industrial R&D in Germany. 
The share of total industrial R&D performed by German 
nonmanufacturing industries actually declined since 1984. 
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Chemicals excl. drugs 17.6 Motor vehicies 20.2 | 
Comm. equip 143 Comm. equip. 185) 
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comm. equip 97 
See appendix table 6-6. 
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Germany's industrial R&D appears to be somewhat 
less concentrated than in the United States, but more 
than in Japan. (See figure 6-12 and appendix table 6-6.) 
Although the same five industries have led German 
industry in R&D performance over the past 2 decades, 
the rank order has changed somewhat. Comparing the 
top 5 R&D performers in 1992 with the top 5 performers 
10 years earlier shows motor-vehicle- and communica- 
tion-related R&D moving ahead of the long-time industri- 
al R&D leader in Germany, the chemical industry. 

An examination of the other industries that were among 
the top five R&D performers in Germany mirrors that coun- 
try’s commercial prominence as a supplier of world-class 
machinery and chemicals. Beginning in the second half of 
the 1980s, the German computer and office equipment 
industry and its pharmaceutical industry have shown the 
most rapid R&D growth among the industries examined. 


Patented Inventions 


One of the important benefits of R&D is a stream of new 
technical inventions that may, in turn, be embodied in 
innovations—i.e., in new or improved products, process- 
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es, and services.’ Inventors can obtain government-sanc- 
tioned property rights by applying for patents. Such 
patents are issued by authorized government agencies for 
inventions judged to be new, useful, and nonobvious."® 

Patent data provide useful indicators for measuring 
technical change and inventive input and output over 
time.'’ Further, U.S. patenting by foreign inventors 
enables measurement of the levels of invention in those 
foreign countries (Pavitt, 1985) and can serve as a lead- 
ing indicator of new technological competition (Faust, 
1984).'* Patenting trends can therefore serve as an indi- 
cator—albeit one with certain limitations—of national 
inventive activities.'* (For a comparison of U.S. inventors’ 
share of patents granted by the European Patent Office 
see Patenting Outside the United States.) 

This section describes broad trends of patent activity 
in the United States over time by national origin of 
owner, patent office class, patent activity, commerce 
activity and technological importance of the invention. A 
new patent analysis examines U.S. inventions and foreign 
inventions patented in the United States for ties to sci- 
ence, for tendencies to patent in fast changing technolo- 
gies, and for technological impact. 


Granted Patents by Owner 


Patents Granted to U.S. Inventors 

Since 1980, a trend line charting the number of 
patents awarded to U.S. inventors would resemble the 
ups and downs of a roller coaster ride.*’ During the first 
half of the 1980s, the number of patents increased and 
declined slightly from year to year, but generally 
increased; 39,500 patents were awarded to U.S. inventors 
in 1985, compared with 37,000 in 1980. During the sec- 
ond half of the decade, the number of patents granted 


"Although the U.S. Patent and Trademark Office grants several 
types of patents, this discussion is limited to utility patents, which are 
commonly known as “patents for inventions.” 

A patent grant allows an inventor to exclude others from making, 
using, or selling that invention. See U.S. Patent and Trademark Office 
(1989). 

See Griliches (1990) for a survey of the literature related to this 
point. 

'SCorporations account for about 80 percent of all foreign-owned US 
patents. 

'’Patenting indicators have some well-known drawbacks, including 
the following: 

© /ncompleteness—many inventions are not patented at all, in part 

because laws in some countries already provide for the protection 
of industrial trade secrets; 

© Inconsistency across industries—industries vary considerably in 

their propensity to patent inventions; consequently, it is not advis- 
able to compare patenting rates between different technologies or 
industries (Scherer, 1992); and 

© Inconsistency in quality—the inventions patented can vary consid- 

erably in quality. Patent citation rates, evaluated in the Current 
Impact Indicator, are one method for dealing with this question of 
varying quality. (See section on Technological Importance of 
Patented Inventions.) Despite the limitations, patents provide a 
unique source of information on inventive activities. 

“The U.S. Patent and Trademark Office grants patents to both US 
and foreign inventors. Patent origin is determined by the residence at 
the time of grant of the first-named inventor as specified on the face of 
the patent. Patents “granted to Americans” are U.S. origin patents 
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What is often obscured by the rising trends in for- 
eign-origin patents in the United States is the success 
and widespread «iivity of U.S. inventors patenting 
their inventions 4:vund the world. Data from the 
European Patent Office (EPO) for 1991 place U.S. 
inventors first among all other countries. U.S.-origin 
inventions accounted for 25 percent of all patents 
granted by the EPO in 1991. Still, the U.S. share has 
declined over the past 10 years just as Japan’s has 
increased. These same trends are also evident when 
the U.S. patent data are examined. (See text table 6-4.) 


Patenting Outside the United States 


Text table 6-4. 


Share of patents granted by the European 
Patent Office 


Country 1982 1985 1988 1991 
United States ........ 27.0 27.4 26.2 25.0 
Germany............ 23.1 219 214 20.0 
Japan.............. 129 15.3 18.0 22.3 
ttn ces 6es 96 8.6 85 86 
United Kingdom. ...... 85 77 72 52 
Newly industnalized 

economies ......... 0.1 0.1 0.2 04 


SOURCE: Organisation for Economic Co-operation and Development, 


Using Patent Data as Science and Technology indicators, Patent 
Manual 1994, Tabie 6 (Paris, 1994) 


rose at a much faster rate (although the year-to-year fluc. 
tuations continued). In 1989 there was a large jump in 
the number of new patents awarded to U.S. inventors; 
that vear also marked the first time that the number of 
patents awarded exceeded 50,000. Except for the follow- 
ing vear (1990), the 50,000 barrier was exceeded cach 
year thereafter. (See figure 613 and appendix table 6-7.) 

Patents granted to U.S. inventors can be further ana- 
lyzed by patent ownership at the time of the grant. 
Inventors who work for private companies or for the 
Federal Government commonly assign ownership of 
their patents to their employers; self-employed inventors 
usually retain ownership of their patents. The owner's 
sector of employment is thus a good indication of the 
sector in which the inventive work was done. In 1993, 
nearly 79 percent of granted patents were owned by cor- 
porations.’ (See Top Patenting Corporations.) This per- 
centage has increased gradually over the years. 

Individuals are the next largest group of U.S.-origin 
patent owners. Prior to 1980, individuals owned 24 per- 
cent of all patents granted.’ Their share has fluctuated 
between 23 and 27 percent since then. In 1993, the 23- 
percent share accounted for by individuals matched sim- 
ilar period lows recorded in 1983, 1984, and 1985. The 
Federal share of patents averaged 3.5 percent of the total 
during the period 1963-80; thereafter, U.S. Government- 
owned patents as a share of total U.S-origin patents have 
declined! 


About 2.5 percent of patents granted to US. inventors in 19 were 
owned by US universities and colleges. The Patent Office counts 
these as being owned by corporations. For further discussion of aca 
demic patenting, see chapter 5, Patents Awarded to US Universities 

Between 1980 and 144 
between (4 and 79 percent of total US owned patents 

Prior to 1980, data are provided as a total tor the period 1965-80 

‘hederal inventors frequently obtain a statutory invention registra 
thon (SIK) rather than a patent. An SIR is not ordinarily subject to exam 
ination and costs less to obtain than a patent. Also, an SIK gives the 
holder the rght to use the invention, but does not prevent others trom 


corporate-owned patents accounted tor 


selling or using the invention as well 
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Figure 6-13. 
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Top Patenting Corporations 


An examination of the top 10 patenting corpora- 
tions in the United States over the past 20 years illus- 
trates the rapid technological transformation 
achieved by Japan over a relatively short period. (See 
text table 6-5.) In 1973, there were no Japanese com- 
panies among the top 10 patenting corporations in 
the United States. In 1983, there were 3 Japanese 
companies among the top 10. By 1993, Japanese com- 
panies outnumbered U.S. companies. Japan's patent- 
ing now emphasizes computer technologies, 
television and communication technologies, and 
transportation technologies. Data for 1994 again put 6 


Japanese companies among the top 10. 
Text table 6-5. 
Corporations receiving the most U.S. patents 
Corporation Number of patents 
1973 
General Electric Corporation........... 1,081 
AT&T Corporation... . 2... 6c eae 678 
General Motors Corporation ........... 665 
DNS bod bawencdebescoces 
Westinghouse Electric Corporation ...... 563 
E.1. DuPont de Nemours & Company... . . 529 
Eastman Kodak Company............. 524 
U.S. Philips Corporation............... 430 
Dow Chemical Company.............. 402 
Siemens Aktiengeselischaf............ 370 
1983 
General Electric Corporation........... 637 
16 obebeuededeseb 64 e 484 
AT&T Corporation... . 2... cen 465 
ACA Corporation... 6 cee 446 
SIE 0 ove ccccccsccccccees 432 
Siemens Aktiengeselischafl............ 378 
Toshiba Corporation... . 2... cc nne 377 
U.S. Philips Corporation............... 359 
Nissan Motor Company, Limited ........ 355 
Bayer Aktiengeselischaf.............. 335 
1993 
I 6 + weeebececcesdedece 1,085 
Toshiba Corporation... . 6... cen 1,040 
Canon Kabushiki Kaisha.............. 1,038 
Eastman Kodak Company............. 1,007 
General Electric Corporation........... 932 
Mitsubishi Denki Kabushiki Kaisha....... 926 
Hitachi, Limited .. een 912 
Motorola incorporated................ 729 
Matsushita Electric Industrial 
Company, Limited .... 0... 713 
Fuji Photo Film Co., Limited ........... 632 


SOURCE: Office of information Products Development. TAF Program. 
U.S. Patent and Trademark Office. special tabulations. 1995. 
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In 1993, the number of patents granted in the United 
States rose by less than 1 percent; this followed a similar 
increase in 1992 and a much larger increase, nearly 7 
percent, in 1991.~ U.S. inventors received 54 percent of 
the U.S. patents granted in 1993, which continued a gen- 
eral upward trend that began in the late 1980s. 
Corporations, individuals, and U.S. Government agencies 
all showed greater interest in owning U.S. patents. The 
increase seen in U.S. Government-owned patents was 
encouraged by legislation enacted during the 1980s 
which called for U.S. agencies to establish new programs 
and increase incentives to its scientists, engineers, and 
technicians in order to improve the transfer of technolo- 
gy developed in the course of government activities.” 


Patents Granted to Foreign investors 

Foreign-origin patents represent nearly half (46 per- 
cent in 1993) of all patents granted in the United States. 
That share rose throughout most of the 1980s before 
edging downward from 1990 through 1993. 

Foreign patenting in the United States is highly con- 
centrated by country of origin. In 1993, just five co-n- 
tries—Japan, Germany, Great Britain, France, and 
Canada—accounted for 80 percent of U.S. patents grant- 
ed with foreign origin. (See figure 6-13.) Looking over 
the past 10 years, the numbers of patents granted to 
inventors from these countries have generally 
increased—but patents granted to Japanese residents 
grew the fastest. This growth ha. been dramatic, with 
Japanese inventors receiving 23 percent of all U.S. 
patents in 1993 and 49 percent of all U.S. patents with for- 
eign origin. Just 10 years earlier, in 1983, these shares 
were 16 percent and 37 percent, respectively. 

Patent shares by inventors from the top three 
European countries generally declined over the past 10 
years. German inventors were granted 23 percent of U.S. 
patents with foreign origin in 1983; this share fell to 15 
percent by 1993. The British and French each accounted 
for 8 percent of U.S. patents with foreign origin in 1983, 
their shares declined to 5 percent and 6 percent, respec- 
tively, by 1993. 

Other countries show sharp increases in their capacity 
for invention, particularly Taiwan and South Korea. 
Before 1980 (data are available starting in 1963), Taiwan 
was awarded just 171 U.S. patents; between 1980 and 


“Part of the 1991 increase may be attributed to the ongoing efforts 
by the Patent Office to reduce “pendency,” the time between receipt of 
a patent application and completion of its processing 

“The Stevenson-Wydier Technology Innovation Act of 1980 made 
the transfer of federally owned or originated technology to state and 
local governments, and to the private sector, a national policy and the 
duty of each Government laboratory. The act was amended by the 
Federal Technology Transfer Act of 1986 to provide additional incen- 
tives for the transfer and commercialization of federally developed 
technologies. Later, Executive Order 12591 of April 1987 ordered exec- 
utive departments and agencies to encourage and facilitate collabora 
tion among Federal laboratories, state and local governments, 
universities, and the private sector—particularly small business—in 
order to aid technology transfer to the marketplace 
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1993, Taiwan was awarded nearly 6,000 U.S. patents. U.S. 
patenting activity by inventors from South Korea shows 
a similar growth pattern. Before 1980, South Korea was 
awarded just 76 U.S. patents; since 1980, nearly 2,500 
patents have been awarded. Noteworthy, though less 
dramatic growth in U.S. patenting was demonstrated by 
Finland, Hungary, and Israel. Since 1980, each more 
than doubled the number of U.S. patents received prior 
to 1980. 


Patents by Patent Office Classes 


A country’s distribution of patents by technical area 
has proved to be a reliable indicator of a nation’s techno- 
logical strengths, as well as an indicator of direction in 
product development.”’ This section compares and dis- 
cusses the various key technical fields favored by inven- 
tors in the world’s three leading economies. 


Fields Favored by U.S., Japanese, 
and German Inventors 

While U.S. patent activity spans a very wide spectrum 
of technology and new product areas, U.S. corporations’ 
patenting shows a particular emphasis on several of the 
technology areas that are expected to play an important 


“Information in this section is based on the Patent and Trademark 
Office's classification system, which divides patents into approximately 
370 active classes. With this system, patent activity for U.S. and foreign 
inventors in recent years can be compared by developing an activity 
index. This index measures a country's patenting activity within a 
given class. For any year, the activity index is the proportion of patents 
in a particular class granted to inventors in a specific country divided 
by the proportion of all patents granted to inventors in that country. 
Because U.S. patenting data reflect a much larger share of patenting 
by individuals without corporate or government affiliation than do data 
on foreign patenting, only patents granted to corporations are used to 
construct the U.S. patenting activity indexes. 
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role in future national economic growth (National 
Critical Technologies Report Review Group, 1995). In 
1993, corporate patent activity reflected U.S. technologi- 
cal strengths in developing new medical and surgical 
devices, aeronautics, telecommunications, electricity 
transmission, advanced materials, and biotechnology. 
U.S. patent activity also reflects this country’s natural 
resource endowment and the economic importance 
gained from more effective extraction and use of these 
resources.” (See text table 6-6 and appendix table 68.) 
Japanese patenting in the United States is very evident 
in technology areas and products related to several 
commercially important industries. The 1993 patent data 
continue to show Japanese inventors emphasizing 
technology classes associated with the photography, 
photocopying, motor vehicle, and consumer electronics 
industries. (See text table 6-6 and appendix table 6-9.) 
Increasingly evident is the wider range of U.S. patents 
awarded to Japanese inventors in information technolo- 
gy. From improved information storage technology for 
computers to superconductor technology, Japanese 
inventions are earning U.S. patents in areas that aid the 
processing, storage, and transmission of information. 
German inventors continue to develop new products 
and processes in technology areas associated with the 
heavy manufacturing industries in which Germany has 
traditionally maintained a large presence. The 1993 U.S. 
patent activity index shows German emphasis on the 
printing, motor vehicle, new chemistry and materials, 
and power-generation-related patent classes. (See text 
table 6-6 and appendix table 6-10.) Until 1991, there was 


“Research on the history of U.S. innovation (Abramovitz, 1986, and, 
more recently, Mowery and Rosenberg, 1993) also finds natural 
resource endowments to have a strong influence on a country's pattern 
of innovation. 


Text table 6-6. 

Top 15 most emphasized U.S. patent classes for inventors from the United States, Japan, and Germany: 1993 
of class 

1. 

2. 

3. 

4 

5. 

6. 

7. 

8. Cryptography 

9. Fluid handling Electricity: conductors and insulators 
10. Liquid purification or separation Communications: electrical 

11. Error detection/correction and fault detection Measuring and testing 

12. Mumination Compositions 

13. Chemistry: natural resins or derivatives Abrading 

14. Peceptacies Land vehicies 

15. Amusement devices: games Power plants 

‘Part of the class 532-570 series 

*Part of the class 520 series. 

See appendix tables 6-6. 6-9. and 6-10 Sorence & Engineering indicators - 1996 
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a trend that indicated German inventors were receiving 
more patents in many of the newer technology areas, 
such as biotechnology and opto-electronics (National 
Science Board, 1993); however, the trend did not contin- 
ue in 1993. 


Patent activity in the United States by inventors from 
NIEs is seen as an indicator of these economies’ techno- 
logical development and as a leading indicator of product 
markets likely to see increased competition. 

The trend for Taiwan illustrates the movement of 
NIEs toward new technology development and improve- 
ment of previously established technologies. (See text 
table 67 and appendix table 6-11.) As recently as 1980, 
patent activity by inventors from Taiwan in the United 
States was predominantly in the area of toys and other 
amusement devices. By the 1990s, Taiwan was active in 
more highly technical classes, gaining U.S. patents in 
such areas as communications technology, semiconduc 
tor manufacturing processes, and internal combustion 
engines (National Science Board, 1991). The latest avail- 
able data (1993) show that inventors from Taiwan over- 
whelmingly concentrate their U.S. patenting activity in 
technology areas related to electronics, telecommunica- 
tions, semiconductors, advanced materials, computer 
storage, computer display, and other information tech- 
nologies. Ten years earlier, inventors from Taiwan 
received no patents in any of these technology classes. 

U.S. patenting by South Korean inventors has also pro- 
gressed into more sophisticated technological areas. 
While still heavily concentrated in electrical products 
and electronic component technologies, the 1993 data 
show Korean inventors also very active in telecommuni- 
cations, superconductor technologies, optics, and 


Text table 6-7. 


Chapter 6. Technology Development and Diffusion 


advanced materials. (See text table 6-7 and appendix 
table 6-12.) South Korea’s patenting continues to empha- 
size information storage devices and other computer 
peripheral equipment. In fact, South Korea is already a 
major supplier of computers and peripherals to the 
United States (see earlier section on U.S. Imports of 
Technology Products), and these patent activity data 
show that the country’s inventors may be developing the 
improvements that will support South Korea’s future 


competitiveness in these technologies.” 


Patent Activity in Six 
Commercially important Industries 


U.S. patents can be classified by industry sector, with 
each patent fractionally distributed according to the 
number of industry-related product fields to which it is 
pertinent.” Six commercially significant industries are 
examined here: computer hardware, industrial machin- 
ery, radio and television equipment, electronics, automo- 
biles, and aircraft. Patent activity by U.S. inventors in 
these six industries will be compared against that by 
Asian and European inventors. (See figure 6-14 and 
appendix table 6-13.) 

During the period examined (1980-93), U.S. inventors 
led all other foreign inventors in each of the six industry 
areas up until 1987. In 1987, the United States lost its 
front position to Japanese inventors in one area, con- 
sumer-electronics-7ciated (radio and TV) patents. 


“South Korea was the fifth largest foreign supplier of computers and 
peripherals to the United States in 1992 (International Trade 
Administration, 1994) 

“In this classification system, each patent is associated with the 
Standard Industrial Classification (SIC) industry that would produce 
that class's product or apparatus or carry out its process steps. See 
U.S. Patent and Trademark Office (1985), p. 26. 


Top 15 most emphasized U.S. patent classes for inventors from Taiwan and South Korea: 1993 


of Class 


Tawan South Korea 
1 Electrical connectors Electric lamp and discharge devices 
2. Coded data generation or conversion Pictorial communication; television 
3. Serniconductor device manufacturing Dynamic magnatic information storage or retrieval 
4. Selective visual display systems 
5. Electricity: circult makers and breakers Semiconductor device manufacturing 
6 Land vehicies Static information storage and retrieval 
7 Specialized metaiiurgical processes Electric lamp and discharge devices. systems 
8 Electricity: systerns and devices Electrical audio signal processing systems 
9. Chemistry, hydrocarbon compounds Telephonic communications 
10. Superconductor technology Electricity: motive power systems 
11 Sheet feeding or delivering Coded data generation or conversion 
12. Specific receptacie or package Winding and reeling 
13. Reorsters Dynamic information storage or retrieval 
14. Static information storage and retrieval Active solid state devices 
18. Telephonic communications Electrical transmission systems 


See appendix tates S11 and 612. 
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Figure 6-14. 
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Number of U.S. patents granted, by field and region of grantee 
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See appendix tabie 6-13. 


Japanese inventors’ lead in this area continued and 
widened for the rest of the period. 

Throughout this period, patenting was heaviest and 
grew the fastest in two closely related industry areas— 
computers and electronics. U.S. inventors led in both 
these industry areas, but Asian inventors (predominantly 
inventors from Japan) narrowed the gap quickly during 
the 1980s. European inventors were awarded far fewer 
patents than Asian inventors throughout the 1983-93 
period. In the category of motor-vehicle-related patents, 
the number of patents awarded to Asian (primarily 
Japanese) inventors grew quickly during the early and 
mid-1980s, surpassing the number awarded to European 
inventors in 1984 and, from there, quickly closed in on 
the U.S. lead. During the 1990s, U.S. motor-vehicle-relat- 
ed patents showed a resurgence, and Asian motor-vehi- 
cle-related patents showed a downturn in 1992 and 1993. 

Recent U.S. patenting trends indicate that Asia, led by 
Japanese inventors, is building the technological founda- 
tion to challenge U.S. and European inventiveness in the 
two other industry areas: industr 1! machinery and 
aerospace. European inventors had aintained a strong 
second position (behind the United . tates) in the indus- 


1960 1962 1984 19866 1988 1990 1992 


1980 1982 1964 1986 1968 1990 1982 
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trial machinery area for much of the period examined. 
By the 1990s, Japanese inventors closed the gap that 
existed between European and Asian patenting activity. 
This same trend can be seen in the aircraft industry area, 
but there, Japanese inventors overtook European patent 
activity earlier, beginning in 1984. 


Technological Importance 
of Patented inventions 


Three new indicators help to differentiate a patent's tech- 
nological importance, its impact, and its ties to science: 


1. The Current Impact Index (CII) attempts to capture 
the impact of a country’s patents on the technologi- 
cal community and the degree to which its patents 
centain important technological advances by calcu- 
lating how frequently a country’s recent patents are 
cited by all of the current year’s patents.*' This nor- 
malized indicator has an expected value of 1.0. 


On the front page of a newly issued patent, the patent examiner 
lists any “prior art” that led to, or borders, the new technology. These 
citations can be to the scientific literature, to other patents, or to other 
technologies. When an earlier patent is included as a citation on a new 
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2. Technology cycle time (TCT) attempts to identify 
those countries that are inventing (patenting) in 
rapidly changing technology fields. This indicator 
identifies fast-changing technologies by measuring 
the median age of the patents cited as prior art. 


3. Science linkage attempts to measure the degree to 
which a country’s technology is linked to science by 
calculating the number of references to the scientif- 
ic literature indicated on the front pages of the 
patent. This indicator attempts to measure a coun- 
try’s activity in leading-edge technology and how 
close its new technology is to the scientific frontier. 


These three indicators are used below to compare 
U.S., Japanese, and European patent activity in the com- 
mercially important industries discussed previously: 


Comparing Current Impact 

In five of the six commercially important industries, 
Japan’s U.S. patents were cited more often (i.e., they had 
higher CII scores) than U.S.-inventor patents, suggesting 
that Japan’s patents tended to be more influential or have 
more impact on the advancement of those technologies. 
The computer hardware area was the only one of the six 
where the U.S.-inventor patents had a higher CII. Japan’s 
patents scored higher than Europe's patents in all six 
industry areas. Europe scored slightly higher than the 
United States in two industry areas—aircraft and motor 
vehicles. These two industry areas were also where 
Japan recorded its strongest scores. (See figure 6-15 and 
appendix table 6-14.) 

While Japan’s high scores in the aerospace field may 
be the result of crossovers from Japan’s automotive 
patents, that can be only a partial explanation. There is 
considerable interest in Japan and elsewhere in Asia to 
improve aerospace manufacturing capability. Several 
Asian economies besides Japan’s are also active in 
aerospace technologies, notably those of Taiwan and 
South Korea. All three of these Asian countries also have 
pursued joint ventures with U.S. aerospace companies, 
seeking technology transfer through licensing and joint 
production agreements. 


Comparing Technology Cycle Time 
In nearly all of the six commercially important indus- 


tries, Japan’s and Europe’s patents are improving upon 
more recent technologies than are U.S. patents. This 
trend suggests that Japanese and European inventors 
are developing improvements to existing technologies 
novel enough in their characteristics and performance to 


patent, it indicates that the earlier patented invention was important to 
the creation of the newly patented invention. When a previously patent- 
ed invention receives many citations, that patent has probably led to 
many subsequent inventions and, more than likely, contained an 
imrrtant or seminal advance in its field. Albert, Avery, and McAllister 
(1':* ), Narin and Olivastro (1988), Carpenter and Narin (1983), and 
Carpenter, Narin, and Woolf (1981) test and validate the use of patent 
citation data as S&T indicators. 
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warrant a paient. The only exception is in the computer 
hardware technology area, where the TCT for U.S. 
patents is lower than for Europe’s patents. The disparity 
between the TCT for U.S. patents and Japanese and 
European patents was greatest in the aircraft and auto- 
motive technologies. (See figure 6-15.) 


Comparing Science Linkage 

U.S. inventors showed stronger ties to science in all six 
technology areas than did inventors from Japan or 
Europe. The technology areas in which U.S. patents’ sci- 
ence linkage was much higher than foreign-origin 
patents were computers, electronics, and aerospace. 
Japanese patents generally trailed European patents in 
this indicator. (See figure 6-15.) 

The indicators seem to both affirm and challenge con- 
ventional wisdom in science and technology communities. 
The science linkage indicator affirms the belief that U.S. 
inventions tend to be more fundamental, with stronger 
ties to science than other nations’ inventions, especially 
when compared with the Japanese. Japan’s leading scores 
on the CII and TCT index suggest that Japanese patents 
may have a greater impact on the advancement of new 
technologies and seem to take the important next steps in 
improving upon the original technologies. 

The differences between U.S. and Japanese patents 
also challenge, from an economic standpoint, the U.S. 
tendency to seek fundamental technological break- 
throughs over the less fundamental performance- 
enhancing technology improvements. Rapid, successive 
improvements to any breakthrough technology can 
quickly reduce its market life and its attendant long-run 
commercial value (Alic, 1993). These indicators and the 
market performance by Japanese producers suggest that 
large economic gains accrue to those nations improving 
technologies as well as to those nations introducing 
breakthrough technologies. 


industry’s Use of New Technologies 


In 1985, a report by President Reagan’s Commission 
on Industrial Competitiveness stressed the importance 
of U.S. industry's investment in the latest technologies 
and its rapid incorporation into U.S. manufacturing oper- 
ations (President's Commission on Industrial Com- 
petitiveness, 1985). Now, 10 years later, the Clinton 
Administration shares many of these same concerns.” 

Data collected by the U.S. Department of Commerce 
provide a measurement and a progress report on 
industry’s use or planned use of advanced technologies 
in five major U.S. industrial sectors. The U.S. 
Department of Commerce surveyed more than 10,000 


“On January 6, 1995, John H. Gibbons, Director, Office of Science 
and Technology Policy, spoke before the House Committee on Science 
about the Administration's “... major commitment to work with the pri- 
vate sector on the development and deployment of advanced civilian 
industrial technologies, both here and abroad.” Also see Clinton, Gore 
(1994; 1993). 
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Figure 6-15. 
Technological performance indicators for U.S. patents, by industry 
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See appendix table 6-14. 
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manufacturing establishments in 1988 and more than 
8,000 in 1993 concerning their current and planned use 
of advanced technology. The establishments were clas- 
sified into five major Standard Industrial Classes 
(SIC)—fabricated metal products (SIC 34), industrial 
machinery and equipment (SIC 35), electronic and 
other electrical equipment (SIC 36), transportation 


equipment (SIC 37), and instruments and related prod- 
ucts (SIC 38). Manufacturing establishments within 
these five categories accounted for nearly half of all 


“The survey was performed by the Manufacturing and Construction 
Division of the Bureau of the Census. Surveyed establishments had 20 
or more employees and were selected to represent a total universe of 
42,991 manufacturing establishments classified in SIC Major Groups 34 
through 38 


employees and value added reported in the Unit- 
ed States.*4 

The surveyed companies were asked for information 
on their current or planned use of 17 technologies in the 
following areas: 


@ Design and engineering (3 technologies), 


ad 


Fabrication/machining and assembly (5), 
@ Automated material handling (2), 


Automated sensor-based inspection and/or testing 
(2), and 


@ Communication and control (5). 


“Coverage estimates were derived from the 1987 Census of 
Manufactures. 


Figure 6-16. 
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The 1988 survey found that nearly 68 percent of the 
establishments used at least 1 of the 17 advanced tech- 
nologies in their manufacturing operations; 23 percent 
reported use of 5 or more technologies. (See figure 6-16 
and appendix table 6-15.) The 1993 survey showed an 
increase in industry use of advanced technologies. This 
survey found that 75 percent of the establishments used 
at least one technology, and 29 percent reported use of 
five or more technologies.» 


Information on the extent of use was not gathered by the survey. 
Thus, establishments using 1 robot are not differentiated from those 
using 100. 


U.S. manufacturers’ use and planned use of advanced technologies 
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Establishment Characteristics 
Associated with Technology Use 


Several characteristics seem to be associated with 
industry’s use of advanced technology. Not surprisingly, 
size turned out to be a major factor. For instance, most 
large plants (about 80 percent in both surveys) reported 
widespread use of advanced technologies—that is, use of 
five or more—compared with just 18 percent of the small 
establishments in the 1993 survey and just 13 percent in 
1988. Market value of an establishment's output also 
appeared to influence technology use. Establishments 
producing goods with market unit prices of $10,000 or 
more had the highest probability of using advanced tech- 
nologies (90 percent used at least one in the 1993 sur- 
vey, up from 82 percent in 1988), while establishments 
whose output had a market unit price under $5 had the 
lowest probability (76 percent in 1993, again up from 68 
percent in 1988). Between these two extremes (i.e., 
establishments producing goods with unit prices less 
than $10,000 and more than $5), about 80 percent of the 
establishments reported use of at least one technology in 
1993 compared with about 75 percent in 1988. 

Three questions added to the 1993 survey provide fur- 
ther insight into the characteristics associated with tech- 
nology use. Establishments that export for direct sale 
report much higher technology use than those establish- 
ments that do not export. Of establishments where 
exports represented 20 to 49 percent of total shipments, 
94 percent used at least one advanced technology, com- 
pared with 72 percent of those establishments that did 
not export. The positive association between establish- 
ments that use technology and those that sell abroad is 
even stronger when widespread technology use (five or 
more advanced technologies) among surveyed establish- 
ments is compared. Of those establishments reporting 
exports of 20 to 49 percent, 44 percent used five or more 
advanced technologies—twice the percentage (22 per- 
cent) of establishments reporting no exports. These 
results link an establishment’s ability to compete in for- 
eign markets with the use of advanced technology in its 
production operations. 

Another question added to the 1993 survey allows for 
the comparison of technology use among establishments 
with and without foreign owners.” In general, use of 
advanced technologies was about 10 to 22 percent higher 
among those establishments with foreign ownership. As 
the number of advanced technologies increased, so did 
the incidence of establishments having foreign ownership. 

The last of the three questions added to the 1993 sur- 
vey confirms what is expected—establishments that per- 
form R&D used more advanced technologies than 


*The U.S. survey defined large plants as establishments with 500 or 
more employees and small plants as establishments with fewer than 
100 employees. 

Foreign ownership was defined as direct or indirect ownership of 
10 percent or more of the voting stock or other equity rights to 


the plant. 
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non-R&D performers. The very nature of the R&D activi- 
ty would predict high technology use. 


Prevalence of Individual Technologies 


When results from the 1988 and 1993 surveys are 
compared, the same two technologies top the list for 
most commonly used technologies by U.S. manufactur- 
ers, although their positions switch in the intervening 
years. (See figure 6-16.) In the 1993 survey, computer- 
aided design (CAD) and/or computer-aided engineering 
(CAE) technology were the most commonly used of the 
17 advanced technologies; 59 percent of the surveyed 
establishments used these technologies. The next most 
used technology was the numerically controlled 
machine, used by 47 percent of surveyed establish- 
ments. In 1988, this ranking was reversed. 

According to the 1993 survey, wider use of CAD/CAE 
technology is expected over the next 5 years. The prima- 
ry reason reported by establishments for adopting 
CAD/CAE systems is to improve quality and increase out- 
put. Other computer-based technologies are also favored 
by U.S. manufacturers planning to add technologies to 
their production operations over the next 5 years. 

Results from both surveys rank the two material han- 
dling technologies as the least used by U.S. manufactur- 
ers of the 17 advanced technologies, with only slight 
increases in use planned over the next 5 years. 
Automatic guided vehicle systems (AGVS) was the least 
used technology, used by just 1.1 percent of surveyed 
establishments. Automatic storage and retrieval systems 
(ASRS), the other material handling technology, was 
used by 2.6 percent of surveyed establishments in 1993. 
Use of AGVS and ASRS technologies both fell from 1988 
to 1993. Neither technology is high on manufacturers’ 
lists for adoption over the next 5 years. 


Small Business and High Technology 


Many of the new technologies and industries seen as 
critical to the Nation’s future economical growth are 
closely identified with small business. For example, 
biotechnology and computer software are industries 
built around new technologies that were largely com- 
mercialized by small business.** Small business retains 
certain advantages over large businesses in commercial 
environments characterized »y fast-moving technologies 
and rapidly changing consun er needs. A keen receptivi- 
ty to new product ideas found outside their own opera- 
tions characterizes this efficiency (Hanson, 1991). Small 
businesses supplement internal product development 
with new product ideas drawn from dealings with cus- 
tomers, suppliers, government labs, universities, and 
others to ensure useful innovations. These attributes 
make small business a key sector to watch as the Nation 


*The role of small business as a commercializer of new technolo- 
gies is somewhat unique to the United States (Mowery and 
Rosenberg, 1993). 
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seeks to stimulate the development, adoption, and diffu- 
sion of new technologies. 

This section presents information on new company 
formation in the United States and foreign ownership of 
new high-tech companies.*’ The discussion focuses on 
companies active in the following eight technology 
fields: 


@ automation, 
biotechnology, 
computer hardware, 
advanced materials, 
photonics and optics, 
software, 


electronic components, and 


¢-?e-tfF © © &@© «6©@ 


telecommunications. 


These fields encompass many of the technologies con- 
sidered vital to the country’s future economic prosperity 
and national security (National Critical Technologies 
Review Group, 1995). 


Trends in New U.S. High-Tech 
Business Startups 


The rapid formation of new high-tech companies 
observed during the second half of the 1970s and the 
early 1980s was followed by a decline in such formations 
in the late 1980s. (See appendix table 6-16.) That declin- 
ing trend continued into the early 1990s when the num- 
ber of annual company formations averaged only about 
one-third of the number seen in the second half of the 
1980s. Still, nearly half of all U.S. high-tech companies 
operating in 1994 were formed in just the past 15 years. 
That proportion is even higher (near 70 percent) for 
computer-related companies and for companies whose 
main business involves biotechnology. 

Technologically, the 1980s mark the decade of the 
computer and its rapid integration into daily life in the 
United States. The 1990s may well mark the decade 
when the computer more completely revolutionizes the 


Information in this section is derived from the CorpTech data base, 
owned by Corporate Technology Information Services, Inc. (1995). 
The CorpTech data base permits an inspection of small business enti- 
ties by technology field. This data base includes many of the new start- 
ups and private companies often missed by other data bases and is one 
of the most current sources of information on small newly formed com- 
panies active in high-tech fields. The data base attempts to be all-inclu- 
sive: by CorpTech’s own estimate, it includes 99 percent of large 
companies (over 1,000 employees), 75 percent of medium-sized com- 
panies with 250 to 1,000 employees, and 65 percent of companies with 
fewer than 250 employees. When prospective companies are identified 
for inclusion in the data base, they are sent questionnaires covering 
their size; status (private or public, independent, subsidiary, or joint 
venture); year formed; and product groups in which they are active. 
The version of the data base used here (Rev. 8.2 1993) includes about 
35,000 independently managed companies. 
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ways in which we learn, play, and work. The trends in 
new company formations since 1980 reflect this revolu- 
tion.*’ According to the CorpTech data base, about half 
of the new high-tech businesses formed since 1980 were 
computer-related companies. Among these, software 
companies accounted for the largest number. 

The number of new software companies stands out not 
just in the computer-related category but also when com- 
pared with all other technology fields. Software develop- 
ment and/or servicing is the primary business for 26 
percent of the 17,000 new high-tech companies formed 
since 1980 and in existence in 1994. However, the large 
number of new software companies started in the early 
1980s (1980-84) was not duplicated in the second half of 
the decade; the number of new software startups dropped 
by 21 percent. Thus far in the 1990s, software technology 
continues to create the greatest number of small busi- 
ness startups among the eight technology fields exam- 
ined, but not at the pace set during the previous decade. 
(See figure 6-17 and appendix table 6-16.) 

Besides software, several additional technology fields 
exhibited relative share growth in the first half of the 
1990s: biotechnology, computer hardware, advanced 
materials, photonics and optics, and telecommunica- 
tions. Three of these (biotechnology, computer hard- 


“The trade and patenting data discussed earlier support this view. 


Figure 6-17. 
High-tech business formation, by technology 


See appendix table 6-16. 


Science & Engineering Indicators — 1996 


ware, and advanced materials) produced steady relative 
share growth during the 1980s and into the mid-1990s. 


Foreign Ownership of 
U.S. High-Tech Companies 


The acquisition of existing high-tech companies can 
provide fast transfers of technology to the acquiring firm 
while facilitating easier market access for its own tech- 
nologies. About 10 percent of the 38,000 new high-tech 
establishments listed in the CorpTech data base had for- 
eign ownership in 1994. (See appendix table 6-17.) The 
United Kingdom has the largest U.S. presence, followed 
by Japan and Germany. Although these three countries 
own companies active in each of the eight technology 
fields examined, they each tend to be drawn to certain 
fields. The United Kingdom and Germany tend to own 
companies in the United States that are involved in the 
development of advanced materials and automation tech- 
nologies, and Japan tends to own telecommunications 
and computer hardware companies. 

For foreign companies based in developing nations, 
acquisitions of U.S. high-tech companies signal a coming 
of age in economic and technological terms. These 
acquisitions may also suggest a national technology 
focus (Souder, 1995). The newly industrialized Asian 
economies provide a clear example of this. Compared 
with the other major industrialized countries, the four 
NIEs (Hong Kong, Singapore, South Korea, and ‘,aiwan) 
own relatively few U.S. high-tech companies. Still, their 
focus is well defined. U.S. computer hardware companies 
are the most sought after U.S. companies. The U.S. acqui- 
sitions of all four NIEs are heavily concentrated in this 
technology area. Beyond computer hardware, the NIEs’ 
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U.S. acquisitions take different directions: Taiwan’s next 
largest technology area of concentration is in U.S. 
telecommunications companies, South Korea leans 
toward automation, Hong Kong concentrates on elec- 
tronic components, and Singapore is split between soft- 
ware and telecommunications. Each country’s 
acquisitions of U.S. high-tech companies appear to com- 
plement a technology focus identified in the earlier sec- 
tions on trade and patenting indicators. 


Characteristics of Innovative U.S. Firms 


Today’s global marketplace belongs to those business 
entities that are innovative and that can appropriate the 
profits from their innovations. Innovation has added 
meaning for firms located in high-wage countries like 
the United States, where innovative production methods 
and new products can help U.S. firms to compete against 
lower wage countries at home and abroad. Recognizing 
this crucial link between innovation and a firm’s ability to 
compete internationally, U.S. policymakers seek to create 
an environment that nurtures industrial innovation. 

The need for better information about the innovative 
activities of U.S. firms, the innovative process, and the 
factors that affect it, all led the National Science 
Foundation (NSF) to embark upon a new survey that 
would systematically examine innovation activities in 
U.S. industry. Toward this effort, a pilot study of 1,000 
firms was conducted in 1994 to test the survey instru- 
ment and data collection procedures. (See Description of 
U.S. Pilot Innovation Study.) The pilot was also designed 
to produce national-level estimates of innovative activi- 
ties of U.S. firms. These data are limited in their scope 


In 1993, NSF, in cooperation with the U.S. Bureau of 
the Census, entered into an agreement to begin prepa- 
rations for a full national study of industrial innovation. 
As part of this preparation, a pilot study of approxi- 
mately 1,000 firms was conducted in 1994. The uni- 
verse consisted of all U.S. companies with 20 or more 
employees classified in SIC Major Groups 30 through 
39 (manufacturing SICs) and in SIC 737 (Computer 
Programming, Data Processing, and Other Computer- 
Related Services). A SIC was assigned to each compa- 
ny based upon the plurality of an employment measure 
(payroll or number of employees) across all establish- 
ments of the company. The SIC was recoded to the 
International Standard Industrial Classification (ISIC) 
to provide comparability with similar data collection 
efforts in other countries. 

The sampling frame representing this universe was 
extracted from the U.S. Census Bureau's Standard 
Statistical Establishment List (SSEL). The SSEL is a 


Description of U.S. Pilot Innovation Study 


and depth but nevertheless provide some interesting 
insights into the process and characteristics of industrial 
innovation. 

Several characteristics of U.S. innovating companies 
are evident from the pilot study. For example, one-third 
of respondents answered positively to either having 
introduced a new product or process during the 1990-92 
period or planning to introduce a new product during 
1993-95. This one-third figure is an estimated national 
average for the United States (coverage spanned manu- 
facturing industries and the U.S. software industry). 

Certain industries reported above-average levels of 
innovation: computer hardware (84 percent of companies 
were innovators); precision equipment (74 percent); phar- 
maceuticals (69 percent); and chemicals (68 percent). 

Process innovation appears as prevalent as product 
innovation, with nearly equal numbers of companies 
introducing new innovative processes and new innova- 
tive products during the 1990-92 period. Almost all (97 
percent) of these companies now identified as innovators 
plan to introduce new product or process innovations 
during 1993-95. 

Innovating firms were more likely to export than were 
noninnovating firms: 50 percent of companies that 
reported introducing a new innovation during 1990-92 
also reported export sales in 1992, compared with only 
38 percent of noninnovating firms. 

The Pilot Study answered several other questions, 
as well: 


@ Where do U.S. innovators get information that 
leads to the development and introduction of 
new products? The three most important sources 
identified (answers indicating sources as either 
“very significant” or “crucial”) were internal sources, 
clients and customers, and suppliers of materials and 
components. The least important sources (answers 
indicating sources as either “slightly significant” or 
“insignificant”) were government labs, technical insti- 
tutes, and consulting firms. 


@ What are the key factors involved in the decision to 
innovate? The three most important factors (answers of 
“very significant” or “crucial”) were a desire to improve 
product quality, increase or maintain market share, and 
extend product range within main product field. 


@ What channels did U.S. innovators most often use 
to gain access to new technology? The three chan- 
nels mentioned most often were hiring skilled employ- 
ees, purchasing equipment, and using consultants. It is 
interesting to note that two of these three involve people. 


@ What channels did U.S. innovators most often 
use to transfer new technologies out of the 
enterprise? The three channels for transferring 
technology most often mentioned by innovators were 
communication with other companies, mobility of 
skilled employees, and R&D performed for others. 
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@ What methods did U.S. innovators employ to 
appropriate the benefits of their new innova- 
tions? The three methods or practices most often 
mentioned by innovators were having a lead time 
advantage over competitors, maintaining trade 
secrets, and obtaining patents. 


¢ How important is R&D to the innovation pro- 
cess? According to respondents, 84 percent of all 
innovators performed R&D in 1992 and 91 percent of 
innovators plan to undertake R&D during 1993-95. 
Innovators reported R&D activity in a wide spectrum 
of technology areas.*! The top three were software, 
materials synthesis and processing, and flexible inte- 
grated manufacturing. 


Summary 


This chapter brings together a collection of indicators 
that contrast and compare national technological compe- 
tency across a broad range of important technological 
areas. Based on the various indicators of technology 
development and diffusion examined, the United States 
continues to lead or be among the leaders in all technol- 
ogy areas. Information technologies (computers and 
telecommunication products) dominate technical 
exchanges between the United States and its trading 
partners and reflect the desire in all countries to expand 
and upgrade their information technology infrastructure. 

Asia’s, not just Japan’s, status as both a consumer and 
supplier of advanced technology products to the United 
States is shown to be more prominent and more diverse 
than commonly thought. The four Asian tigers have 
become active traders in advanced technologies. Asia’s 
influence in the marketplace seems likely to expand in 
the future as Japan and the NIEs are joined by several 
other technologically emerging Asian nations. The chap- 
ter also documents the extension of U.S. technological 
activities beyond its traditional trading partners to Latin 
America, Eastern Europe, and Africa. The indicators pro- 
vide new evidence of the broadening technological capa- 
bility in each of these regions. If these nations continue 
to progress technologically, U.S. high-tech industries can 
expect the competition for global market shares to esca- 
late. This competition will also reach into the pool of S&E 
talent available for U.S. business. As opportunities to 
work at the technological cutting edge expand in newly 
industrialized and industrializing countries, they will 
likely affect the ability of the United States to attract and 
retain top S&E talent heretofore readily available to U.S. 
businesses, universities, and the governments. 


"'The 1993 National Critical Technologies Report (National Critical 
Technologies Panel, 1993) identified nine technologies important to 
the long-term security or economic prosperity of the United States. 
The report noted that more information was needed about current lev- 
els of R&D activity in these areas. The pilot study included this ques- 
tion in response to the request. This report was prepared by the Office 
of Science and Technology Policy and the National Critical Tech- 
nologies Review Group for the President. 


an 


But as the community of technologically advanced 
nations broadens, so do the opportunities for U.S. high- 
tech industries and the entire U.S. S&T enterprise in the 
form of larger markets for goods and services and new 
collaborators in scientific and technological research. 
The chapter's discussion of trade in advanced technolo- 
gy products clearly illustrates the expanding market 
opportunities for U.S. technology products. With the 
implementation of new multilateral trade agreements 
negotiated under the auspices of the General Agreement 
on Tariffs and Trade, these markets should open even 
wider. Also, new research opportunities are being creat- 
ed in the many new, well-funded research institutes and 
technology-oriented universities that are springing up 
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throughout Asia and around the world. These research 
entities will help to broaden international technological 
and scientific expertise and will almost certainly gener- 
ate new opportunities for collaborations between U.S. 
and foreign researchers. Evidence of this can be seen in 
the increase in new bilateral S&T agreements that facili- 
tate cooperation involving U.S. and foreign researchers 
from all the nations profiled in this chapter. * 


“Descriptions of these agreements can be found in Clinton (1994). 

“Information derived from bibliometric indicators presented in 
chapter 5, Academic Research and Development: Infrastructure and 
Performance, provide further evidence of the widening international 
research collaborations already underway. 
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Chapter 7. Science and Technology: Public Attitudes and Public Understanding 


HIGHLIGHTS 


INTEREST IN SCIENCE AND TECHNOLOGY 


@ Approximately 40 percent of Americans sur- 


veyed expressed a high level of interest in 
science discoveries and the use of new tech- 
nologies. This level of interest has been relatively 
stable for the past decade, indicating that science and 
technology have become an integral part of American 
culture. Individuals with more years of formal educa- 
tion and more courses in science and mathematics 
tend to indicate a high level of interest in science and 
technology. Comparatively, nearly 70 percent of 
Americans expressed a high level of interest in medi- 
cal discoveries and 54 percent indicated that they 
were very interested in environmental issues, but 
only 25 percent reported a high level of interest in 
space exploration. 


One in nine Americans thinks that he or she is 
very well informed about science and techno- 
logy. Americans with more ycars of formal education 
and more courses in science and mathematics are 
significantly more likely to view themselves as being 
very well informed than others, and men are signifi- 
cantly more likely to indicate that they are very well 
informed about science and technology, holding con- 
stant the level of formal education and the level of 
science and mathematics education. 


UNDERSTANDING BASIC SCIENTIFIC 
AND TECHNICAL CONCEPTS 


@ There is a wide distribution in the level of under- 


standing of scientific terms and concepts among 
American adults. On a 10-point index, the mean 
score was 5.2 and a quarter of Americans earned a 
score of 7 or more. Individuals with more years of for- 
mal schooling and more courses in science and math- 
ematics obtained significantly higher scores, 
demonstrating the pervasive effect of science and 
mathematics education throughout the adult years. 


Only 23 percent of Americans understand the 
nature of scientific inquiry well enough to make 
informed judgments about the scientific basis of 
results reported in the media. Through a combina- 
tion of questions concerning the meaning of scientific 
study and the reasons for the use of control groups in 
experiments, a new measure of public understanding 
of the nature of scientific inquiry was developed. 
Individuals who had completed more years of formal 
schooling and more courses in science and mathe- 
matics were significantly more likely to understand 
the nature of scientific inquiry than other citizens. 


@ One in 10 Americans is attentive to science and 


technology policy issues, a level that has 
remained stable for at least the past decade. In 
complex modern societies, it is not possible for cit- 
izens tc become, and remain, informed about the full 
range of public policy areas. Some degree of issue 
specialization is inherent in modern industrial soci- 
eties. Approximately 50 percent of Americans indi- 
cate that they are interested in, and informed about, 
at least one public policy area, and, among those cit- 
izens who follow any public policy issues at all, it 
appears that most of these Americans follow two or 
three issues at any point in time. 


UNDERSTANDING ENVIRONMENTAL CONCEPTS 
@ One in four Americans can explain some of the 


reasons for the thinning of the ozone layer. One- 
third of American adults appear to understand some 
of the health and environmental consequences of a 
thinning of the ozone layer, but only 14 percent can 
identify the locations of the major thinning, or holes, 
in the ozone layer. Only 5 percent of Americans 
could provide a minimally acceptable scientific expla- 
nation of acid rain. Adults with more years of formal 
schooling and more science and mathematics cours- 
es were significantly more likely to display an under- 
standing of these environmental concepts than other 
citizens. Individuals who are attentive to science and 
technology policy issues or environmental issues 
were also somewhat more likely to understand these 
concepts than citizens not attentive to those issues. 


UNDERSTANDING BASIC ECONOMIC CONCEPTS 


@ The level of understanding of basic economic 


concepts varies widely among American adults, 
a general pattern similar to that found for the 
understanding of other scientific concepts. On a 
10-point index, the mean score was 5.1, and 22 per- 
cent of Americans earned a score of 7 or more on the 
index. Unlike the understanding of scientific con- 
cepts, the level of understanding of economic con- 
cepts was not as closely rejated to an individual's 
level of formal schooling. Men scored slightly higher 
on the index than women. 
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ATTITUDES TOWARD SCIENCE AND TECHNOLOGY 
POLICY ISSUES 


SOURCE OF SCIENTIFIC AND TECHNICAL INFORMATION 
@ Americans receive most of their information about 


@ Americans continue to hold the scientific com- 
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and newspapers. When placed on a uniform metric of 
the number of uses or hours per year, the public con- 
sumption of television news programs and newspapers 
dwarfs all other information sources. In 1995, Americans 
watched an average of 409 hours of television news pro- 
grams and read 199 newspapers in a 12-month period. 
During this same period, Americans watched 80 science 
shows on television. Individuals with cable or satellite 
television service watch twice as many science television 
shows as persons without this service. 


A majority—55 percent—of Americans use a 
computer at home or at work. Computer use has 
increased steadily in the past decade. In 1995, 
Americans used a computer at work for 320 hours 
and used a home computer for an additional 120 
hours. A significantly higher proportion of college 
graduates use a computer than individuals with fewer 
years of schooling. Eighty-two percent of college 
graduates in the United States indicated that they 
used a computer at work or at home, compared with 
59 percent of high school graduates and 17 percent 
of individuals who did not complete high school. 


One in five Americans has a home computer 
that includes a modem, and 7 percent of adults 
reported in 1995 that they used an on-line 
computer service during the preceding year. 
Fifteen percent of adults in the United States have a 
home computer with a CD-ROM reader, allowing for 
additional information acquisition opportunities. 
Nearly half the Americans with a graduate or profes- 
sional degree have a home computer with a modem. 
Twenty-three percent of these individuals reported 
that they use an on-line computer service. 


munity in high regard. According to the most 
recent General Social Survey, approximately 40 per- 
cent of Americans are very confident in the leader- 
ship of the scientific community and the leadership 
of the medical community. These levels of national 
esteem have been stable for almost 2 decades and 
are far higher than the levels reported for the leader- 
ship of other major institutions in society. 


More than 70 percent of Americans believe that 
the benefits of scientific research outweigh any 
present or potential drawbacks associated with 
scientific research. This level of positive assess- 
ment of scientific research has been stable for nearly 
2 decades. College graduates and citizens interested 
in science and technology policy issues are even 
more positive about the scientific research. 


Despite their positive views of scientific research, 
ment and impact of several important technolo- 
gies: nuclear power, genetic engineering, and 
those related to the space program. Americans are 
evenly divided on the benefits and drawbacks of using 
nuclear power to generate electricity. This division has 
persisted for more than a decade. A similar division 
exists over the benefits and potential drawbacks of 
genetic engineering, but there is a clearer difference 
by level of education. College graduates hold a much 
more positive view of genetic modification research. In 
regard to the space program, the general public is 
evenly divided over the relative benefits and costs of 
the program. College graduates and those who are 
interested in space exploration are very positive about 


the space program. 
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introduction 
Chapter Background 


While scientists and engineers have long recognized 
the growing global interdependence of the world, more 
and more people are experiencing the world as a global 
community. Science and technology have changed, and 
will continue to change production, communication, 
transportation, and education. One important aspect of 
scientific understanding is that it has no national borders; 
basic constructs, such as the atom or DNA, are the same 
in every nation. As global interdependence increases, it 
will become more necessary for a significant segment of 
citizens to understand these basic concepts from a public 
policy standpoint and for economic and cultural reasons. 

In recent decades, economic and scientific interdepen- 
dence has become more global. The number of public 
policy issues involving international trade has increased 
sharply in recent years, as reflected in the North Ameri- 
can Free Trade Agreement (NAFTA) and the General 
Agreement on Tariffs and Trade (GATT) debates, and 
will continue to grow. It is important for citizens to 
understand national and international economic policies 
and will be more so in the future. 

Public policy concerns and economic concerns often 
intersect in such environmental issues as the thinning of 
the ozone layer. It is important to know how much cit- 
izens understand scientifically and economically about 
this kind of issue. It is also important to know what 
sources individuals use to obtain information about 
emerging scientific and technical issues. 


Chapter Organization 


This chapter begins with a discussion of the level of 
public interest in selected areas of science and technolo- 
gy and an examination of the changes in the patterns of 
public interest in these issues. Interest in an issue or sub- 
ject acts as a filter for information and reflects the need to 
focus on a more limited range of issues and areas. 

The second section of this chapter examines the level 
of public understanding of basic scientific concepts, 
including that of scientific inquiry. A second analysis 
examines the level of public understanding of basic eco- 
nomic concepts. A third, and related, analysis focuses on 
the public’s understanding of scientific and technical 
concepts relevant to environmental issues. 

The third section analyzes the sources of information 
used by citizens to improve and maintain their und«r- 
standing of scientific and technical issues. For almost 2 
decades, the Science and Engineering Indicators studies 
have tracked the use of relevant information sources. In 
1995, more information on the use of traditional informa- 
tion sources, such as a public library, and on emerging 
technologies, such as computers and electronic net- 
works, was added to this portion of the study. 


The fourth section of this chapter assesses public atti- 
tudes toward select science and technology policy issues. 
Building on nearly 2 decades of Science and Engineering 
Indicators studies, this analysis looks at the pattern of 
public assessment of the costs and benefits of scientific 
research, the use of nuclear power to generate electricity, 
and the modification of genetic materials in plants and 
animals. The analysis also looks at the public’s assess- 
ment of the costs and benefits of the space program. 

The final section of the chapter summarizes the 
results described in this chapter, notes some of the 
major implications of these findings, and suggests areas 
in need of additional investigation. 


Interest in Science and Technology 


Citizens of modern industrial societies like the United 
States live in the midst of a wide array of science and 
technology. Most Americans live in homes that are 
cooled in the summers and heated in the winters to pro- 
vide a comfortable living environment. The weather 
news is broadcast over television or radio or printed in 
newspapers, and it usually involves satellite information, 
if not images, that is only hours old. Numerous compa- 
nies compete to provide the least expensive international 
telephone calls to countries around the world, and most 
Americans now use a computer at work or at home. 
Given this wide array of experiences, one might expect 
that all Americans would have a high level of interest in 
science and technology. 

However, modern industrial societies are complex and 
diverse. Some people are more interested in law, paint- 
ing, sports, or other occupations, and assign a relatively 
low priority to scientific and technical matters. Others 
use scientific technologies at work, but are more inter- 
ested in the personal or human dimensions of the experi- 
ences rather than the scientific. In fact, for most 
individuals living in metropolitan areas in advanced 
industrial nations, the range of choices competing for an 
individual's time is large, while the time available is limit- 
ed. Inevitably, these individuals must choose how to 
spend their time, what to spend their time on, and the 
level of participation in which they will engage. 


interest in Science and Technology issues 


The level of interest in science and technology in the 
United States has remained relatively stable over the past 
16 years, with approximately 40 percent of Americans 
expressing a high level of interest in science discoveries 
and new technologies.' (See figure 7-1 and appendix table 


‘Eleven of the 12 Science and Engineering Indicators published since 
1972 have included a chapter on public attitudes toward and under- 
standing of science and technology. The studies for the 1972, 1974, 
and 1976 Indicators were based on a block of 20 items inserted into an 
omnibus national personal interview survey conducted by Opinion 
Research Corporation of Princeton, New Jersey. The 1979 study was 
designed by Miller and Prewitt (1979) and analyzed by Miller, Prewitt, 
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7-1.) Medical discoveries were of high interest to approx- 
imately two-thirds of Americans for the past decade. This 
level of interest remained high in 1995. The proportion of 
Americans indicating a high level of interest in environ- 
mental issues continued to decline in 1995, but over half— 
53 percent—of American adults still report that they are 
very interested in environmental issues. Approximately 
half of adults in the United States have reported a high 
level of public interest in issues about economic and busi- 
ness conditions during the past 15 years. 

Individuals with higher levels of formal education and 
more high school and college coursework in science and 


and Pearson (1980). The personal interviews were conducted by the 
Institute for Survey Research at Temple University. Additional national 
studies were performed for the 1982, 1985, 1987, 1991, and 1993 
Science and Engineering Indicators reports, with the work being con 
ducted by the Public Opinion Laboratory at Northern Illinois 
University, utilizing telephone interviews. The corresponding chapter 
for Science and Engineering Indicators 1985 was based on a national 
telephone study conducted by the Public Opinion Laboratory for 
Professor George Gerbner of the Annenberg Schoo! of 
Communication at the University of Pennsylvania 

In 1995, the Chicago Academy of Sciences conducted a study that 
continued the core of attitude and knowledge items from previous 
Science and Engineering Indicators studies and included telephone 
interviews with a random-digit sample of 2.006 adults. The interviews 
were conducted by the Public Affairs Division of Market Facts 
Incorporated 

The results can be found in the various Science and Enginerring 
Indicators reports from 1972 to 1993. The data from these studies ar 
available for secondary analysis from the International Center for the 
Advancement of Scientific Literacy at the Chicago Academy of 
Sciences and the Interuniversity Consortium for Political and Social 
Research (ICPSR) at the University of Michigan 


mathematics were significantly more likely to report that 
they were very interested in science discoveries, new tech- 
nologies, and space exploration than were other citizens. 
(See figure 7-2 and appendix table 7-2.) in contrast, individ- 
uals with higher levels of formal education were only slight- 
ly more likely to report a high level of interest in medical 
discoveries, nuclear power, or environmental issues. 

In 1995, men were slightly more likely than women to 
report a high level of interest in science discoveries, the 
use of new technologies, nuclear power, and space 
exploration. Women were significantly more likely to 
express a high level of interest in medical discoveries 
than men and slightly more likely to have a high level of 
interest in environmental issues than men. 


Know 2dgeability of Science 
and Technology Issues 


In contrast to the levels of interest reported above, 
only approximately one in nine Americans thinks of him- 
self or herself as being well informed of science discov- 
eries or the use of new technologies. (See figure 7-3 and 
appendix table 7-3.) While the next section of this chap- 
ter examines the level of understanding of basic scientif- 


Figure 7-2. 
Public interest in scientific and 
issues, by sex and level of education: 1 


See aoperntix tables 7.2 and 7.4 
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Figure 7-3. 
Public informedness on select policy issues 
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ic concepts, it is important to understand how individuals 
assess their own knowledgeability on these subjects. In 
many cases—from deciding which cleaning product will 
be most effective to writing to a legislator on a current 
issue—it is the individual's self-assessment of his or her 
knowledge that will encourage or discourage a given 
behavior. Only 1 in 10 American adults thinks of himself 
or herself as being very well informed about space explo- 
ration, nuclear power, or foreign policy—concerns that 
may be distant from their daily lives. 

Comparatively, approximately one in four American 
adults believes that he or she is very well informed about 
medical discoveries, environmental issues, and econom- 
ic issues and business conditions. Medical and economic 
issues tend to affect dail: fe for more people than 
issues such as nuclear power or space exploration, thus 
it is not surprising that there is a more pervasive sense 
of being knowledgeable about these issues. Similarly, 
because individuals can see smog around major cities or 
heed ozone alerts, they may feel better informed about 
environmental issues than more distant topics. 

The impact of formal education and coursework in sci- 
ence and mathematics on an individual's perception of 
his or her knowledge of scientific and technical issues is 
substantial. For example, in 1995 only 10 percent of indi- 
viduals who did not graduate from high school believed 
that they were well informed about science discoveries, 
compared with 27 percent of graduate degree holders. 


(See appendix table 7-4.) In contrast, 25 percent of adults 
who did not complete high school felt very well informed 
about medical discoveries, compared with 34 percent of 
graduate degree holders. Since many of these adults 
with less formal education are older, they may have had 
frequent contact with health care providers and institu- 
tions. This personal experience may have fostered a 
sense of being well informed that compensates for their 
relatively lower level of formal education. 


Attentiveness to Science 
and Technology Issues 


Given the large number of issues on the public policy 
agenda at any point in time, it is impossible I..r any cit- 
izen to become and remain interesied in and informed 
about the full range of public policy matters. In a -luralis- 
tic society such as the United States, citizens, includice 
virtually all legislators, nust choose which issues they 
wish to learn about and participate in policy discussions. 
This process of issue specialization is a fact of political 
life in modern industrial societies. 

Citizens who display a high level of interest in an issue 
area, who believe that they are well informed about that 
issue, and who reveal at least a minimal pattern of infor- 
mation acquisition are classified as attentive to that 
issue.- A citizen with a high level of interest in an area, 
but who thinks of himself or herself as not being well 
informed about that issue area, is classified as a member 
of the interested public for that issue. Citizens without a 
high level of interest in an issue area are referred to as 
the residual public for that issue area. There is an atten- 
tive public for every major public policy area; the prima 
ry issues are its size and composition. 

Since 1979, approximately 10 percent of American 
adults have been attentive to science and technology pol- 
icy. (See figure 7-4 and appendix table 7-5.) This atten- 
tive public includes approximately 18 million American 
adults. Comparatively, 15 percent of Americans were 
attentive to economic issues and medical discoveries in 
1995, while 13 percent were attentive to environmental 
issues. Only 5 percent of Americans were attentive to for- 
eign policy or space exploration. The relative size of the 
primary attentive public related to science and technolo- 
gy has been stable for at least a decade, with the excep- 
tion of a pattern of decline for environmental issues. 

Attentiveness to science and technology policy is 
directly related to the number of years of formal school- 
ing received by an individual and the number of science 
and mathematics courses completed in high school and 
college. (See figure 7-5 and appendix table 7-6.) Only 8 
percent of high school graduates were attentive to sci- 
ence and technology policy, compared with 27 percent of 
graduate and professional degree holders. Similarly, 
only 6 percent of individuals with limited coursework in 


For a general discussion of .he concept of issue a ientiveness, see 
Almond (1950), Rosenau (1974), and Miller (1983) 
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Figure 7-4. 
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Figure 7-5. 
Attentiveness to science and technology poiicy, 
by sex and level of education: 1995 


Less than 
high schoo! 


High school 
graduate 


meee 


05 HO 65h HOOOMHhe hl DHTUSH 6H HE 
Pero=nt 
Science & Engineering indicators - 1996 


See appendix table 7-6. 
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science and mathematics were attentive vo science and 
technology policy, compared with 19 percent of respond- 
ents with nine or more high school or college science or 
math courses. Men were significantly more likely to be 
attentive to science and technology policy than were 
women, holding constant educational differences. 

As Almond (1950), Rosenau (1974), Miller (1983), and 
others have suggested, participation in the public policy 
process is dispute driven. When there is a high level of 
agreement between decisionmakers and policyleaders 
on an issue, policy is made and there is rarely any wider 
public debate about the issue. In some cases, however, 
there may be disagreement among the policyleaders 
themselves, or a disagreement between the decision- 
makers and the policymakers. In these cases, policylead- 
ers seek to alert attentive citizens to a given problem or 
issue and to persuade them to contact a legislator or 
executive branch officer about the issue. 


Understanding Basic 
Scientific and Technical Concepts 


The essence of good -ommunication is that all parties 
involved understand the same set of words, terms, and 
concepts in roughly the same way. Language has been a 
core component of the development of modern society 
and has become even more important in an increasingly 
scientific and electronic world. The extent to which the 
scientific community and political leaders can communi- 
cate about important science and technology policy 
issues or about new scientific or technological advances 
is limited by the ability of citizens to understand the 
words and ideas expressed. This section examines the 
level of public understanding of science and technology 
among American adults. 


Understanding Basic Concepts 


Understanding a basic set of scientific concepts is a pre- 
requisite for reading about or listening to discussions con- 
cerning science and technology. It is important in reading 
news stories about new scientific findings or for under- 
standing debates on public policy matters. While the 
range of scientific terms and concepts is vast, it is possible 
to identify a short set of basic concepts—the composition 
of matter, the nature of the universe, the basic processes 
that have shaped the planet, and the basic biology that 
supports life on the planet. If an individual understands 
these basic concepts, he or she can comprehend the wide 
array of science and technology material in books, maga- 
zines, and science television programs. 

If a set of 10 items from the 1995 Science and 
Engineering Indicators study is considered, results show 
a wide range of understanding of these concepts, from 0 
correct to 9 correct, with a mean of 5.2. (See figure 7-6.) 
Approximately 27 percent of American adults provided 
correct respunses to 7 or more of the 10 items. This 
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scale is useful because two of the items were open- 
ended, requiring the respondent to provide a response 
rather than select among the alternatives as in a multiple 
choice or true-false question. 

If the level of understanding on individual items is con- 
sidered, fewer than 1 in 10 Americans can explain a 
molecule. A large portion of the population knows that a 
molecule is a small piece of matter, but is unable to relate 
it to an atom or a cell, which are also small pieces of muat 
ter. (See figure 7-7 and appendix table 7-7.) Despite the 
use and public discussion of DNA in widely publicized 
court trials and dramatic television shows, only one in 
five Americans can provide a minimally acceptable defini- 
tion of DNA. And, despite substantial media attention to 
deep space probes and pictures from the Hubble tele- 
scope, only 49 percent of Americans know that the Earth 
rotates around the Sun once each year 

On the positive side, 85 percent of Americans recognize 
that oxygen comes from plants, and nearly 80 percent of 
them know that the center of the Earth is very hot and 
that portions of the Earth's crust—thought of in terms of 
continents—have been moving for millions of years and 
will continue to move. Despite this promising level of 
understanding of these basic biological and geological 
concepts, less than half of American adults agree that 
human beings evolved from earlier species and developed 
millions of years after the death of the dinosaurs. Many 
Americans appear to hold a mix of correct and incorrect 


Chapter 7. Science and Technology: Public Attitudes and Public Understanding 


Figure 7-7. 
about individual items on the index 
Vocabulary of Science Constructs: 1995 
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scientific understandings that are not integrated into any 
broader level of systemic understanding. 

The level of understanding of basic scientific terms 
and concepts is closely associated with the number of 
years of formal schooling completed and the number of 
science and mathematics courses taken. (See figure 7-8 
and appendix table 7-8.) Those Americans who are atten- 
tive to science and technology policy issues displayed a 
higher level of understanding of these basic terms and 
concepts—a mean score of 6.4—than other citizens. 


Understanding Scientific Inquiry 


A second important dimension of public understand- 
ing concerns the level of understanding of the nature of 
scientific inquiry. The primary difficulty in measuring 
the public understanding of scientific inquiry is that sct- 
ence does not utilize a single uniform procedure. While 
some sciences rely heavily on experimental procedures, 
others, such as astronomy, depend primarily on observa- 
tion, measurement, and model building and testing. Still 
other sciences, such as paleontology, depend on fossil 
discovery, classification, and the construction or integra- 
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tion of possible developmental sequences, in the context 
of understanding molecular biology and biological sys- 
tems. Under the broad umbrella of scientific endeavor 
covered by the biomedical sciences, virtually all of these 
approaches are utilized to some degree. 

What is central to all scientific endeavors, however, is 
the process of building theories or models that enhance 
our understanding of nature (Kuhn, 1962). Parallel to this 
process is a commitment that all theories be subject to 
logical or empirical falsification. Thus, the first level of 
conceptualization of science is an activity for the purpose 
of building and testing theory.” 


While there is br wnsus that theory building is the primary 
objective of science, ti. evel of conceptualization is relatively rare in 
the public and not universal among graduates of science, engineering, 
or medical programs. The measurement of the understanding of scien- 
tific inquiry at this level is compounded by the dual meaning of theory 
in Ar rican English. In ihe usage employed in the preceding para- 
graph, we mean theory to refer to comprehensive sets of statements 
about the operation of various aspects of nature, or the development of 


At a second level, some individuals think of all scien- 
tific inquiry as a form of experimental investigation. To 
an extent, this may reflect a basic understanding of sci- 
entific ideas as being subject to testing. Popper’s con- 
cept of falsification (Popper, 1959) is not widely known, 
and most people still think that scientists prove their 
theories or ideas as a mathematician might “prove” a 
theorem. In this context, a second important level of 
public understanding of scientific inquiry involves view- 
ing science as the conduct of experimentation. The fre- 
quent media reporting on medical and pharmaceutical 
trials of new procedures and products reinforces 
this view. 

At a third level, science is viewed as a combination of 
rigorous comparison and precise measurement. This 
view is largely devoid of any notion of theory building. 
Most often, this view lacks any understanding of experi- 
mentation as the use of random assignment and control 
groups and any appreciation of the purposes for those 
procedures. This view does see science as empirical in 
character and precise in its measurements, often result- 
ing in a view of science as “testing,” as against some 
standard. It is not a very sophisticated view, but most 
individuals holding this view would have greater confi- 
dence in a product that was “tested scientifically” than 
one that was not. 

Below these levels of conceptualization, many individ- 
uals have some awareness of the word science, but gen- 
erally have no cognitive substance behind the word. It 
may be associated with good or bad outcomes (medical 
miracles or weapons of mass destruction), but the work 
of scientists and the process of scientific inquiry are 
black boxes, at best. Generally, most individuals with 
this level of understanding have positive attitudes 
toward science, and expect it to cure virtually every dis- 
ease and ailment and to solve any environmental prob- 
lem. However, there is a wariness that appears to flow 
from recognizing the enormous power of science and 
technology and the individual's almost total lack of 
understanding of it. 

In order to examine the level of public understanding 
of the nature of scientific inquiry, national surveys ask- 
ing adults to define the meaning of scientific study have 
been conducted and reported in a series of Sctence and 


or models in the biological, social, or physical sciences. At the same 
time, theory is often used in everyday language to refer to speculations 
or suppositions not yet supported by evidence. For example, it is com- 
mon to hear a person dismiss a speculation by another person by say 
ing that it is “only a theory,” meaning that there is no evidence, or 
insufficient evidence, for that conclusion. Ironically, this is almost 
exactly the opposite meaning of the term as used in science 

This duality of meaning creates an interesting measurement prob 
lem. When a respondent is asked, for example, what it means to study 
something scientifically, and responds that it has to do with “making 
theories and things,” it is not clear whether the individual means to 
use theory in a Kuhnian sense, or as an unsupported speculation. For 
this reason, it is important to ask these questions in an open-ended for 
mat and to probe the responses 
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Engineering Indicators Public Attitudes and Under- 
standing surveys. In the 1995 Science and Engineering 
Indicators study, each respondent was asked the same 
open-ended question as in previous studies as well as a 
new set of questions concerning the experimental evalu- 
ation of a drug.’ Through each individual's response, a 
new typology of the understanding of scientific inquiry 
was constructed. Each respondent of the 1995 Indicators 
study was classified in\v one of the four following levels 
of understanding: 


(1) Understands science as the development and 
testing of theory. 


(2) Does not have the level of understanding in 
(1), but understands the concept of experimen- 
tal study, including the meaning and use of a 
control group. 


(3) Does not have the level of understanding in 
(1) or (2), but understands science to be based 
on careful and rigorous comparison, often 
involving precise measurement. 


(4) Does not understand science at any of the 
above levels. 


With this typology, the results from the 1995 study 
indicate that about 2 percent of American adults under- 
stand science in terms of theory construction and test- 
ing, and approximately 21 percent think of scientific 
inquiry in terms of experimentation. (See figure 7-9 and 
appendix table 7-9.) An additional 13 percent of respond- 
ents viewed science in general comparative terms, often 
coupled with a sense of precise measurement. 
Approximately two-thirds of American adults were 
unable to characterize scientific inquiry in even broad 
comparative terms. Many of these respondents simply 
said that they could not put the concept into words and 
others simply rephrased the question. From these 
results, it appears that only 23 percent of American 
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Figure 7-9. 
Public understanding of the nature of 
scientific inquiry: 1995 
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adults understand scientific inquiry well enough to 
assess whether an actual or proposed study described in 
the media constitutes a scientific inquiry. 

The number of years of formal schooling and the num- 
ber of science and mathematics courses taken are closely 
associated with an individual's level of understanding of 
the nature of scientific inquiry. While fewer than 1 per- 
cent of respondents with less than a high school diploma 
were able to define the purpose of science as theory 
building or testing, 10 percent of graduate degree hold- 
ers defined scientific inquiry in that manner. (See figure 
7-10 and appendix table 7-9.) If responses that character- 
ized science in terms of theory building or experimenta- 
tion are combined, only 4 percent of Americans who had 
not completed high school were able to provide a mini- 
mally acceptable response, compared with 50 percent of 
those with baccalaureate degrees and 59 percent of those 
with graduate and professional degrees. Similarly, only 9 
percent of individuals with a low level of formal science 
and mathematics coursework were able to provide an 
acceptable definition of scientific inquiry, compared with 
52 percent of individuals with nine or more science and 
mathematics courses in high school and college. Clearly, 
education makes a difference in understanding the pur- 
pose of science and the nature of scientific inquiry. 
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See appendix table 7-9. 


Understanding 
Environmental Concepts 


The preservation of a healthy environment and an eco- 
logically sound planet has become an important issue in 
virtually all modern industrial nations. A majority of 
American adults indicate that they are very interested in 
issues pertaining to environmental pollution. Media cov- 
erage of environmental issues has increased over the 
past 2 decades, and the commercial demand for environ- 
mental books and materials has increased. This high 
level of awareness and concern justifies inquiring into the 
level of public understanding of environmental policy 
issues and concepts. (See Public Understanding of 
Environmental Concepts in 20 Countries and figure 7-11.) 


The Thinning of the Ozone Layer 


The thinning of the ozone layer and the appearance of 
a visible “hole” over the South Pole region has been the 
subject of extensive public policy discussions, media cov- 
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erage, and national legislation and international treaties. 
The prohibition of the manufacture or use of chlorofluo- 
rocarbons in the United States, and many other nations, 
is perhaps the most visible result to date of this debate. 
Do Americans understand the reason for the thinning of 
the ozone layer? Do they know where it is primarily 
located? What do they think might be the consequences 
of a continued thinning of the ozone layer? 

Recent Science and Engineering Indicators studies have 
probed the public’s understanding of these issues. In 
1995, 23 percent of Americans could provide a scientifical- 
ly correct explanation of the role of chlorofluorocarbons in 
the thinning of the ozone layer, and 14 percent of adults 
were able to reasonably describe where the ozone layer is 
thinning. (See figure 7-12 and appendix tables 7-10 and 
7-11.) A third of Americans were able to explain the pres- 
ent and potential health risks of the thinning of the ozone 
layer. In short, the overwhelming majority of Americans 
do not understand the reasons for the thinning of the 
ozone layer, the primary locations of major thinning, or 
the health consequences of this development. 

As observed with other scientific and technical con- 
cepts, individuals with more years of formal schooling 
and more prior coursework in science and mathematics 
were more knowledgeable about the thinning of the 
ozone layer, its location, and its consequences. (See 
appendix table 7-10.) An analysis of these relationships 
found that the level of formal schooling accounted for 
approximately 30 percent of the variance in understand- 
ing the cause of the ozone hole and approximately 40 
percent in understanding its location and consequences. 
Citizens who are attentive to science and technology pol- 
icy issues and those who are attentive to environmental 
issues demonstrated a better understanding of the ozone 
issue than citizens not attentive to those issues. This pat- 
tern demonstrates the mutually reinforcing nature of 
attentiveness and knowledgeability. 


The Acid Rain Issue 


Although less prominent in the media in recent years, 
the issue of acid rain has been a concern for at least 2 
decades. In the Science and Engineering Indicators stud- 
ies, respondents were asked to explain the “primary 
cause of acid rain.” The responses to this question illus- 
trate the nature of the public’s understanding of environ- 
mental issues. A third of Americans characterize acid 
rain as a form of pollution and can provide no additional 
information. (See figure 7-12 and appendix table 7-11.) 
They are opposed to pollution and acid rain, yet they 
have no understanding of the science involved in the 
issue Approximately 2 percent offer a general descrip- 
tion (| kills fish in lakes or hurts trees in the forest), but 
can provide no further explanation. Only 5 percent of 
Americans can explain that the burning of coal and other 
fossil fuels releases sulfuric dioxide into the air. Under 
certain weather conditions, this precipitates into rain and 
contains sulfuric acid. With the diminishing media cover- 
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Public Understanding of Environmental Concepts in 20 Countries 


Americans ranked seventh among 20 nations in 
knowledge of the environment and science in 1993, 
according to the International Social Survey Program 
(ISSP), headquartered at the National Opinion 
Research Center (NORC) at the University of Chicago. 
(See figure 7-11.) A recent NORC report, “Environ- 
mental and Scientific Knowledge Around the World,” 
found that Canadians earned the highest score on the 
12-question quiz with an average score of 7.6. New 
Zealand, Britain, and Norway al] have mean scores 
above 7.0. The United States had a mean score of 6.6 
and ranked above the former West Germany and 
Japan, while Russia, Bulgaria, and Poland ranked low- 
est in the 20-nation comparison. 

Setting aside the issue of ranking, these results sug- 
gest that the residents of major industrial nations 
throughout the world have a relatively low level of 
understanding of basic environmental concepts. The 
12 questions included items concerning radiation, can- 
cer, the greenhouse effect, species extinction, antibi- 
otics, astrology, evolution, and air pollution. 

In general, the levels of adult understanding of envi- 
ronmental and scientific concepts do not follow the pat- 
terns of student science «chicvement found by 
international comparative stu in recent decades. 
Japan and Israel, for example, have generally scored 
high in those studies, but rank 12th and 14th, respec- 
tively in the ISSP study. The disjuncture between adult 
and student patterns deserves more examination. 

The study used self-administered questionnaires 
that were left at the home of each respondent by a sur- 
vey representative and collected a few days later. In 
the United States, the knowledge items were adminis- 
tered as part of the General Social Survey (GSS) of the 
National Opinion Research Center at the University of 
Chicago. Both the GSS and the ISSP are sponsored, in 
part, by grants from the National Science Foundation. 


Figure 7-11. 
Mean score in index of environmental 
knowledge, by country: 1995 
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age of the acid rain issue, the percentage of Americans 
able to provide a minimally correct scientific explanation 
has declined slightly from approximately & percent in 
1992 to > percent in 1995. 

The proportion of adults able to explain acid rain was 
positively associated with the number of years of formal 
schooling and the number of science and mathematics 
courses completed, but the strength of the relationship 
was moderate at best 

Only approximately one in nine of those citizens 
attentive to environmental issues or science and tech- 
nology policy issues was able to provide a minimally 
correct scientific explanation. (See appendix table 7-11.) 
While markedly better than nonattentive citizens, this 
level of knowledgeabilitv reveals one of the biggest 


problems in attempting to mobilize citizens to partici 
pate in public policy debates—low levels of substantive 


understanding 


Understanding 
Basic Economic Concepts 


The emergence of a global market economy in recent 
years has been reflected in a wide array of issues on the 
domestic political agendas of major industrial nations. In 
the United States, there have been spirited debates about 
the NAFTA and the GATT. Periodic international con 
frontations concerning trade problems have become 


commonplace. These events have received extensive 
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media coverage, but prior to the past 2 decades, the study 
of economics was limited to college students. Even today, 
only a portion of high school students study economics. 
How many Americans understand the basic terms and 
concepts associated with these economic issues? 

With the use of a set of true-false and multiple-choice 
questions taken from the Test of Economic Literacy 
(Soper, 1978, 1979; Soper and Walstad, 1987; Walstad, 
1987), the 1995 Science and Engineering Indicators 
Public Attitudes and Understanding study found sub- 
stantial variation in the levels of economic understanding 
among Americans. Almost 80 percent of those surveyed 
recognized that tariffs benefit some groups at the 
expense of others and that a tightening of the money 
supply by the Federal Reserve Board would result in 
higher interest rates for consumers. (See appendix table 
7-12.) Approximately 70 percent of Americans agreed 
that increasing investments in equipment, machinery, 
and other capital was one of the best ways to increase 
the productivity of labor. Sixty percent of those surveyed 
recognized that U.S. Treasury bonds were the safest 
investment of four choices, and 55 percent agreed that in 
a market economy the level of wages depends primarily 
on the level of output per worker. Slightly fewer than 
half of the respondents recognized that the majority of 
workers in the United States do not belong to unions 
They also realized that increased tariffs on goods import 
ed into the United States will not encourage the import 
of U.S. goods into other countries. 

In recognition of the inherent limitations of closed- 
ended questions, the 1995 /ndicators study asked respon- 
dents to provide an open-ended explanation of the 
meaning of “free trade.” Approximately 20 percent of 


Figure 7-13. 
Distribution of scores on the 
index of Economic Understanding: 1995 
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Americans were able to define free trade as involving the 
trade of goods and services between and among coun- 
tries with no, or minimal, tariffs and other restrictions. 
An additional 10 percent recognized that free trade 
involved the encouragement of trade among nations, but 
could not provide additional information about the role 
of tariffs and duties in this process. Two-thirds of those 
surveyed could not provide a minimally acceptable open- 
ended explanation of free trade, although many of these 
same respondents did provide correct responses con- 
cerning international trade in a closed-ended question 
format. This pattern suggests that many respondents 
had a general sense of international trade and could 
make reasonable guesses when offered specific state 
ments and choices, but were moeh to translate this gen- 
eral understanding into an unstructured explanation. 

For a summary measure of economic understanding, a 
10-point index was constructed. Respondents received 1 
point for each correct response to the seven closed 
ended questions and 3 points for a correct open-ended 
definition of free trade. Respondents who provided a par- 
tial answer to the open-ended free trade question 
received | additional point. The mean score on this 
Index of Economic Understanding was 5.0 and the distri- 
bution was normal. (See figure 7-13 and appendix table 
7-12.) Respondents with more years of formal schooling 
scored somewhat higher on the index, but the strength 
of this association was significantly lower than that found 
for the understanding of scientific terms and concepts 
(See figure 7-14 and appendix table 7-12.) Citizens who 
are attentive to economic issues scored higher on the 
index than citizens not attentive to economic and busi 
ness issues, but, again, the magnitude of this difference 
was smaller than the differences found in regard to sci 
entific understanding 
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Figure 7-14. 
Score on the index of Economic 
by education, sex, and attentiveness: 1995 
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Sources of Scientific 
and Technical Information 


In recent decades, the number and variety of sources 
providing timely information about science and technolo- 
gy have increased markedly. Most major daily newspa- 
pers have at least one full-time science and technology 
writer and leading papers have staffs of three or four. 
Major weekly news magazines have sections on science 
or medicine, or both, and, more recently, sections on 
computers and networks. The number of popular sci 
ence books continues to grow, and many reviewers 
report that the quality is increasing at the same time. In 
this context, it is interesting to examine which Ameri 
cans are using which information sources to learn more 
about science and technology and to what effect 


General Patterns of Information Acquisition 


[rend data from Science and Engineering Indicators 
Public Attitudes and Understanding studies indicate that 
Americans utilize numerous sources and institutions for 
scientific and technical information; according to the 
1995 study, television and newspapers remain primary 
sources. In 1995, 63 percent of adults in the United 
States reported that they watched a television news 
show for at least 1 hour on a typical day, and 47 percent 
indicated that they read a newspaper daily. (See figure 
7-15 and appendix table 7-13.) One-quarter of Americans 
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Figure 7-15. 
Public use of selected information sources: 1995 
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listen to 1 or more hours of radio news on a typical day, 
and 20 percent claim to read two weekly news maga- 
zines on a regular basis. Ten percent of respondents in 
the 1995 Indicators study reported that they read a sci- 
ence magazine on a regular basis. These same results 
show that nearly 70 percent of Americans use a public 
library at least once each year and that 43 percent claim 
to use a pubic library five or more times each year. (It is 
not possible to determine the extent to which materials 
related to science or technology were utilized.) 

In broad terms, these indicators are threshold meas- 
ures, reflecting the percentage of Americans who used 
various information sources more than some established 
minimum in a typical month or during the previous year. 
With the same data base, it is also possible to estimate 
the volume of use of these information sources and to 
place them all on the same metric—the number of uses 
or hours per year. If different information sources on the 
same metric are compared, it is possible to obtain a 
more useful picture of the patterns of scientific and tech 
nical information acquisition 

In the category of broadcast media, the results from 
the 1995 Indicators study show that Americans watch an 
average of 1,019 hours of television per year and that 408 
of those hours are spent watching the news. (See figure 
7-16 and appendix table 7-14.) Americans report that 
they watch an average of 81 science shows, or about 8] 
hours of science television per year. Since respondents 
in the 1995 indicators study were asked the name of 
each show they claimed to watch regularly or periodical 
ly, this estimate of viewership is reasonably solid. The 
frequency of viewing science television shows is unrelat 
ed to the number of years of formal schooling or to the 
number of science and mathematics courses taken in 
high school and college. It ts apparent, however, that 
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Figure 7-16. 
Mean number of television and radio 
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individuals w!\> subscribe to a cable television service or 
have a satellite dish watch significantly more science 
television shows than individuals without cable or satel- 
lite services. In 1995, cable subscribers reported watch- 
ing an average of 97 television shows, compared with 42 
for individuals without cable or satellite service. Men 
were significantly more likely to watch science television 
shows than were women. 

In the category of print media, newspaper reading is 
the dominant activity. In 1995, Americans reported read- 
ing an average of 200 newspapers durirg the previous 
12 months. (See figure 7-17 and appendix table 7-14.) 
Comparatively, they read an average of 2.6 news maga- 
zines and 1.5 science magazines during the same 12- 
month period. The 1995 study also found that Americans 
used a public library 8.8 times during the year and bor- 
rowed 12.1 books and 1.5 videotapes. During the same 
12-month period, Americans reported visiting a science 
museum, natural history museum, zoo, or aquarium an 
average of 2.1 times. 


Figure 7-17. 
Public use of selected information sources: 1995 
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The reading of newspapers, news magazines, and sci- 
ence magazines are all positively related to the number 
of years of formal schooling and the number of high 
school and college science and mathematics courses 
completed. (See appendix table 7-14.) The average col- 
lege graduate reads approximately 231 newspapers, 4.3 
news magazines, and 2.1 science magazines in a 12- 
month period, compared with non-high-school-graduates 
who read 170 newspapers and less than 1 news or sci- 
ence magazine during the same time period. From these 
data, it is also clear that high school and college science 
and mathematics courses stimulate a lasting interest in 
science and technology, as reflected in the patterns of 
reading science magazines and attending science muse- 
ums. Men were significantly more likely to read a sci- 
ence magazine than were women. 

Citizens attentive to science and technology policy 
issues displayed a high level of information consump- 
tion, using both broadcast and print sources. Those 
attentive to science policy reported slightly more hours 
viewing television news than other citizens, and they 
read significantly more newspapers. (See appendix table 
7-14.) Science and technology policy attentives read sig- 
nificantly more news magazines and science magazines 
than other citizens and visited a public library more fre- 
quently. Citizens interested in science and technology 
policy were only slightly more likely to visit a science 
and technology museum than other Americans. 


Use of New Information Technologies 

The 1990s may be characterized by the emergence of 
electronic media. Within the past decade, individual 
access to a computer has increased substantially and 
steadily. By 1995, a majority—54 percent—of Americans 
reported that they use a computer at work, at home, or 
at both. (See figure 7-18 and appendix table 7-15.) 
kighty-two percent of college graduates in the United 
States indicated that they used a computer at work or at 
home, compared with 58 percent of high school gradu- 
ates and 20 percent of individuals who did not complete 
high school. In 1995, almost 70 percent of those attentive 
to science and technology policy reported that they had 
regular access to a computer at work or at home. 

Americans do a substantial amount of work on their 
computers. The average respondent in 1995 reported 
that he or she spent 319 hours a year using a work com- 
puter and 103 hours a year using a home computer. 
(See appendix table 7-16.) 

Approximately one in five Americans has a home com 
puter with a modem, although only 7 percent report 
using an on-line or Internet service. Nearly half of 
Americans with a graduate or professional education 
indicated that they have a home computer with a 
modem, and 24 percent reported that they use an on-line 
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Figure 7-18. 
Percent of adults with access to a computer 
at work or at home 
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computer service. Nearly 51 percent of those attentive to 
science and technology policy reported that they own a 
home computer and use it an average of 209 hours per 
year. Of this attentive public, nearly 40 percent has a 
home computer with a modem. These well-educated 
individuals would appear to be positioned to make exten- 
sive use of the Internet and its information resources. 

Fourteen percent of Americans indicated that they 
have a home computer with a CD-ROM reader. This tech- 
nology opens important information resources, ranging 
from larger reference works to collections of visual 
images with sound. The number of government agencies 
and private organizations that distribute information in 
this medium continues to grow rapidly. As with other 
electronic media, well-educated Americans are the most 
frequent users of this new technology. 

Looking at the full range of information-use patterns, 
Americans use a wide array of sources to obtain new 
information, including information about science and 
technology. Americans with fewer years of formal educa- 
tion tend to rely on broadcast media, primarily television. 
Those who are college educated are frequent viewers of 
television news and science programs, but appear to rely 
more heavily on print media and, increasingly, electronic 
information sources. (See Computer Access for the Next 
Generation, figure 7-19, and appendix table 7-17.) 


Looking Deeper 


The studies of information acquisition referenced in 
this chapter describe the normal patterns in which 
Americans acquire information. It is also useful to know 
where Americans would go for additional information. In 
both 1990 and 1995, the Science and Enginecring 
Indicators Public Attitudes and Understanding studies 
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asked respondents where they would go to get addition- 
al information about the ozone hole. The studies went 
one step further and asked where respondents might go 
if they needed still more information. The three most fre- 
quently cited sources were the library, relevant maga- 
zines, and books or other printed materials. (See 
appendix table 7-18.) There was a sharp increase in the 
percentage of Americans citing a library between 1990 
and 1995. In 1990, the selection of a library as a primary 
information source was strongly associated with the 
number of years of formal schooling, but this relation- 
ship all but disappeared by 1995. Compared with a 
library, the other information sources were relatively 
infrequent, each cited by 6 percent. 

When asked where they would go for additional infor- 
mation, half of the respondents said they could not think 
of an additional place. The other half cited a wide array 
of books, magazines, and other resources, largely with- 
out pattern. These results reveal that, in searching for 
additional information, most Americans would turn first 
to their public library, but would not have a second 
source for information in mind if they were not able to 
find all that they wanted in the library. 


Attitudes Toward Science and 
Technology Policy issues 


What do Americans think about science and technol- 
ogy? The answer, in short, is that they continue to hold 
science in high esteem and to make some distinctions in 
their assessment of various technologies. 

One of the oldest indicators of the public attitude 
toward science and technology is the General Social 
Survey, which asks Americans to indicate whether they 
have a “great deal of confidence, only some confidence, 
or hardly any confidence at all” in the people runving 
selected institutions. Approximately 40 percent of people 
asked expressed a great deal of confidence in the leader- 
ship of the scientific community, virtually the same confi- 
dence they revealed for the medical field. (See figure 7-20 
and appendix table 7-19.) Comparatively, only one in four 
Americans expresses a great deal of confidence in lead- 
ers in education, organized religion, and major compa- 
nies. In 1995, approximately | in 10 adults expressed a 
great deal of confidence in leaders in Congress, the 
Executive branch of the Federal Government, the press, 
television, and organized labor. The level of confidence in 
leaders in the scientific community has continued for the 
full 2 decades that this time series has been collected. 


Perceptions of Benefits and Risks 


When asked more directly about science and technol- 
ogy, Americans coutinue to give high marks to the sci 
entific community. A four-item scale reflecting general 
attitudes toward science and technology, referred to as 
the Attitude Toward Organized Science Scale (ATOSS), 
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Computer Access for the Next Generation 


Four years after high school, 62 percent of the high 
school class of 1990 reported that they use a computer at 
home, at work, or both. Among those students from the 
class of 1990 who were enrolled in a college or university 
4 years after high school, fully 70 percent reported using 
a computer at home, work, or both. There was no differ- 
ence in the extent of computer access for young men 
and young women in the class of 1990. 

Focusing on those members of the class of 1990 who 
were attending college, these college students report- 
ed using a computer an average of 6 hours each week. 
Three-quarters of these college students indicated that 
they used their computer primarily for word process- 
ing. Only 24 percent reported that they used their com- 
puter for science or mathematics work. Sixty-two 
percent reported that they could install software on 
their computer, 67 percent said they could use a 
spreadsheet program, and 41 percent claimed that 
they were able to write programs in a computer lan- 
guage. (See figure 7-19 and appendix table 7-17.) Given 
the extent of computer use by this generation of col 
lege students, it is likely that they wi!l expect to contin- 
ue to use those tools in the workplace, accelerating the 
pace of computer utilization in American society. 

Reflecting the national patterns reported in this 
chapter, 57 percent of high school graduates in the 
class of 1990 who did not attend college reported 
access to a computer at home or at work. Among this 
group, however, only 30 percent reported that they 
used a computer primarily for word processing. A 


primarily for business or financial record-keeping, and 
22 percent indicated that they used a computer primar- 
ily for entertainment or games. A majority of this 
group reported that they could install software and use 
a graphics program on their computer. The magnitude 
of computer use among the non-college segment of the 
class of 1990 indicates the pervasive utilization of com- 
puters throughout American life. 


Figure 7-19. 
Computer access and use by high school class 
of 1990, by education level: 1995 
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ed any actual or potential dangers, but 40 percent of 
those attentive to science policy thought that the dan- 
gers were greater than the benefits. 


Perceptions of Genetic Engineering 


Americans are also divided in their assessment of the 
benefits and dangers of genetic engineering. When 
asked in 1995 to weigh the relative benefits and dangers 
of genetic engineering, 43 percent of Americans thought 
that the benefits were greater, but 35 percent concluded 
that the actual or potential dangers were greater. (See 
figure 7-24 and appendix table 7-23.) Approximately one 
in five respondents was undecided on this issue. The dis- 
tribution of views on this issue over the past decade 
shows that the number of citizens who see the benefits 
and costs as essentially equal, or who do not know 
enough about the issue to reach a conclusion, has nearly 
doubled since 1985. These patterns suggest that the 
change has been gradual and that short-term influences 
such as Jurassic Park or other movies or books have not 
had a major influence on this pattern 

Several patterns of change are evident in this assess- 
ment of various segments of the public. First, over the 
past decade, the proportion of college graduates with a 
positive assessment of genetic engineering has 
increased from 62 percent in 1985 to 65 percent in 1995 
On the other hand, the proportion of college graduates 
believing that the actual or potential risks of genetic 
engineering outweigh its benefits dropped from 31 per 


Figure 7-20. 
Public confidence in leadership of selected 
institutions 
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Figure 7-21. 
Mean score on Attitudes Toward Organized Science 
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cent in 1985 to 20 percent mm 1995. (See appendix table 
7-23.) Virtually the opposite pattern prevailed among 
Americans who did not complete high school. The per- 
centage of those believing the benefits outweigh the risks 
dropped from 48 to 29. The percentage of those believing 
the risks outweigh the benefits rose from 36 to 42 
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Figure 7-23. 
Public assessment of nuclear power 
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another set of patterns. Between 1985 and 1995, more 
than 60 percent of the attentive public for science and 
technology policy held a positive view of the benefits and 
risks of genetic engineering, while the proportion of sci- 
ence policy attentives with a negative assessment 
dropped from 26 percent to 20 percent. This pattern sug- 
gests a generally positive outlook on genetic engineering 
among science policy attentives throughout the past 
decade. The attentive public for medical research 
reflects a very similar pattern for the past decade, in 
which the positive assessment increased from 53 percent 
to 55 percent and the negative assessment dropped from 
35 percent to 27 percent. 

Finally, there is a clear gender difference in attitudes 
surrounding genetic engineering. A large number of 
men have had a positive view of genetic engineering for 
the past decade, but American women have been almost 
equally divided on the issue. The proportion of men and 
women who assessed the benefits and risks as being 
equal, or too close to call, increased significantly during 
the past 10 years. 


Perceptions of Space Exploration 

For the space program, the issue has been the balance 
between benefits and costs, since it involves virtually no 
direct risks to the public at large. During the past 
decade, the public’s assessment has shifted from a 
majority being supportive to being equally divided. (See 
figure 7-25 and appendix table 7-24.) These assessments 
provide a useful insight into the role of attentive publics 
for low-salience issues. 

In 1985, immediately prior to the Challenger accident, 
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Figure 7-24. 
Public assessment of genetic engineering 
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54 percent of Americans thought that the benefits of the 
space program outweighed its costs, but 66 percent of 
the attentive public for science and technology policy 
and 74 percent of the attentive public for space explo- 
ration believed that the benefits outweighed the costs 
and tended to hold strong feelings on this matter. 

The explosion of the shuttle Challenger produced an 
immediate increase in support for the space program in 
all segments of the American public (Miller, 1987), but 
the grounding of the shuttle program for more than 2 
years eroded a great deal of this new support. By the 
early 1990s, support had declined in both the general 
public and among the attentive public for science policy. 
In 1992, 82 percent of the attentive public for space explo- 
ration believed that the benefits of the space program 
were greater than the costs. Given the relatively low lev- 
els of interest in the space program, it has become less 
salient and less visible than other programs. Further, 
unlike nuclear power, with strong and organized pro- 
nuclear and anti-nuclear groups, there has never been a 
significant anti-space movement in the United States. 
Although public sentiment is evenly divided, the strong 
support of space policy leaders and those attentive to 
space exploration has sustained an active space program. 


Summary 


Science and technology are subjects of interest to a 
substantial minority of Americans—approximately 40 
percent. Only 10 percent feel very well informed about 
science and technology, and studies show that only a 
small segment of the population has a strong grasp of 
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Figure 7-25. 
Public assessment of space exploration 
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basic scientific ideas. More Americans demonstrate a 
moderate level of comprehension of scientific terms and 
concepts than an understanding of the purpose of sci- 
ence or the nature of scientific inquiry. Only 23 percent 
of Americans are able to provide a minimally acceptable 
explanation of the nature of scientific study or inquiry. 
Public understanding of environmental terms and con- 
cepts was somewhat higher. A quarter of Americans 
could explain the factors involved in the thinning of the 
ozone layer, but only 5 percent could provide a scientific 
explanation of acid rain. Even among the attentive public 
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for environmental issues, the level of understanding of 
some of these basic concepts was limited. 

The public’s understanding of basic economic con- 
cepts was similar in level and form to that of scientific 
concepts. Unlike the category of scientific terms and 
concepts, the overall level of economic understanding 
was unrelated to the level of formal schooling, suggest- 
ing that individuals learn economic concepts from their 
work experiences and from newspapers, magazines, and 
other sources. 

An analysis of the sources of information used by 
Americans to obtain public policy information, including 
scientific and technical information, demonstrated again 
the continuing importance of newspapers and television 
news programs. When placed on a common metric of the 
number of uses or hours per year, these two sources 
dwarfed all other information sources. The results from 
the 1995 study indicated that Americans watch 81 science 
television shows per year and that the rate at which they 
view science programs is twice as high for cable sub- 
scribers or satellite dish owners than for other citizens. 

Finally, this analysis found that the American people 
continue to hold the scientific community in high regard. 
The leadership of the scientific community and the medi- 
cal community are the two most esteemed groups in the 
United States. An overwhelming majority of Americans 
continues to believe that the benefits of scientific 
research outweigh any potential risks, but there are 
some deep divisions concerning the benefits and poten- 
tial risks of nuclear power and genetic engineering. The 
general public is also evenly divided over the benefits 
and costs of space exploration. In all of these areas, how- 
ever, college-educated Americans and those attentive to 
the related policy issues continue to have strong positive 
views of those technologies and their programs. 
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HIGHLIGHTS 


The study of economic returns to research and 
development (R&D) investment has developed 
over the past 30 years, and although there are 
differences in estimates of the exact levels of 
returns, the leading researchers in the field agree 
that R&D has a significant and important positive 
effect on economic growth and the overall stan- 
dard of living. 


Research on the economic and social effects of 
science and engineering (S&E) research involves 
complex issues of measurement, analysis, and 
interpretation. Results are often approximations, not 
absolutes, and observed relationships are subject to 
change as society, the economy, and science change. 


Academic research plays a key role in enabling 
technological advances in the private sector, 
especially in medicine and electronics. According 
to one survey, approximately 10 percent of new prod- 
ucts and processes depend on recent academic 
research. Another survey provides evidence: that the 


association between academic and industrial research 
has been strongest in medicine and electronics. For 
example, in 1990, universities were responsible for 18 
percent of all U.S. patents dealing with genetic engi- 
neering and recombinant DNA, 16 percent of patents 
dealing with natural resins/peptides or proteins, and 
12 percent of patents dealing with chemicals involving 
microbiology and molecular biology. 


@ There often is a significant delay between the 


dissemination of fundamental knowledge and 
its eventual effect on industrial processes. One 
estimate of the delay is approximately 10 years for 
new knowledge in computer science and engineering 
and 20 years for new knowledge in S&E in general. 


@ The fast pace of recent scientific advances in areas 


such as information processing, communications, 
and biotechnology, as well as the wide variety of 
social effects that these advances may cause, has 
made the question of the effects of science and 
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introduction 


The purpose of this chapter is to provide information 
on the economic and social effects of science and engi- 
neering (S&E) research on society. It discusses indica- 
tors of and approaches to examining the economic 
significance of S&E research, and provides an overview 
of the broad aggregate effects of research and develop- 
ment (R&D) in the lives of Americans. 

S&E research is extremely complex. How the results of 
individual projects and collections of projects interact to 
produce both positive and negative effects on society is 
even more complex. Furthermore, scientific knowledge 
accumulates, with each generation of new knowledge 
building on the previous ones. It is difficult for any study 
to provide a thorough accounting of all of the positive and 
negative social and economic effects of S&E discoveries 
or to include all of the research activity that leads to spe- 
cific products or impacts.' Nevertheless, this is an 
increasingly important and interesting topic. Therefore, 
the National Science Board has developed this explorato- 
ry chapter to provide some initial indicators of the ways 
that S&E research influences the economy. 

Measurements of the returns to investment of R&D 
have long been studied by economists. This chapter pro- 
vides a review of available research findings on the topic. 
Less research has been done on how S&E research 
results affect aspects of the quality of life, or even what 
constitutes quality of life and what factors affect it. This 
chapter briefly discusses some possible areas of inquiry 
related to this complex topic. As research in these vari- 
ous fields progresses, new indicators will be developed, 
and they will be elaborated in future reports. 

Economic analysis of S&E research offers a single, 
though limited, framework for evaluating the potential 
outcomes of public and private financial support of S&E 
research. The limitations of economic analysis take sev- 
eral forms; in particular, the economic value of anything 
is generally limited to the concept of the prices of goods 
and services, as determined in a market, or the “willing- 
ness to pay” for something that would be expressed by 
buyers under certain hypothetical market situations. 
Economic value, then, is not necessarily congruent with 
the idealistic, legal, or ethical values that also underlie 
social decisionmaking (Kelman, 1981). This concept of 
economic value distinguishes the field of economics 
from many of the other fields of social science and phi- 
losophy. Other limitations in economic analysis are oper- 
ational and involve the way such analyses are conducted, 
such as limitations in data and conflicting theories 
among economists. 


'For a discussion of the issues, see Cozzens (1994) and (1995). 
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Economic Studies 
of Productivity Growth 


A key factor in economic studies has been the effect of 
R&D on “productivity,” which has different meanings 
depending on the particular question being asked. The 
most common definition is the amount of a good or ser- 
vice. called an output, that can be produced with a cer- 
tain number of workers. For example, productivity is 
said to rise in the United States when the total output per 
worker rises. A more detailed analysis of productivity 
recognizes other inputs into the production process 
besides labor, such as capital and materials. For in- 
stance, if the inputs remain the same in a factory but the 
existing machinery is adjusted to render greater output, 
the productivity of capital is said to rise. In economic 
studies of technical change, a concept called total factor 
productivity is often used. This represents the productiv- 
ity that can be associated with all of the inputs involved 
in production. In many cases, total factor productivity is 
preferable for looking at the effects of technical change, 
because separating out productivities among inputs is 
often difficult or ambiguous. 

The traditional method for analyzing productivity in 
economics has been to use a mathematical construct, 
called a production function, to interrelate the quantity of 
output produced with quantities of inputs utilized—pri- 
marily capital and labor.- Labor is measured in terms of 
full-time-equivalent employees per year, and capital in 
terms of how much the equipment and facilities would 
cost if they were rented for a year. Productivity is said to 
increase when more output can be produced with the 
same amounts of inputs. When observed changes in pro- 
ductivity can be associated with R&D activities, the value 
of those productivity changes is considered a return to 
R&D investment. 

With regard to scientific research, productivity 
changes may best be associated with the link between 
(1) new equipment, facilities, and organizational struc- 
tures, and (2) cost reductions in the supply of existing 
goods and services. Studies in this area range from 
examinations of a specific innovation and the particular 
effects that it had to examinations of aggregate estimates 
of productivity growth for an entire economy as a result 
of all R&D performed. These studies focus on particular 
types of research, such as academic, government sup- 


‘In production processes and services, materials are also used: the 
materials that the firm purchases to piece together into a final product 
(e.g., component parts, or supplies purchased by the firm for use in 
providing a service). Energy and other services purchased by the firm 
are usually significant as well. In some studies on productivity, the 
quantity of output with regard to the production function was mea- 
sured as the sales value of the output, minus the costs for materials 
and other factors that were not classified as capital or labor. Such out- 
put measures are called value added because they reflect the extent to 
which the firm increased the value to the consumer of the materials 
which that firm had purchased. Recently, there have been greater 
attempts to include materials as inputs in the production function, 
thereby removing the need for the value-added calculation. See 
Gullickson (1995) and Jablonski (1995). 
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ported, and private, and on types of economic effect, 
such as cost reduction and quality improvement to the 
organization performing the research, as well as 
spillover effects that benefit those who did not pay for 
the research. 

Terleckyj (1980, p. 376) divided the effects of private 
R&D into two groups: “(1) direct increases in productivi- 
ty of industries conducting the privately financed R&D, 
and (2) indirect increases in productivity of industries 
purchasing capital and intermediate inputs from the 
industries conducting the privately financed R&D.” He 
found the latter effect to be greater, on average, across 
all industries. iu another study, Levy and Terleckyj 
(1982) examined government financed R&D and ob- 
served that it had the effect of stimulating additional pri- 
vate R&D expenditure. Similar complementarity between 
government and private R&D was observed again by 
Leyden and Link (1991).° 

Economic analysis of R&D investments has pro- 
gressed over the past 30 years, and although there are 
differences in estimates of the exact levels of returns, the 
leading researchers in the field agree that R&D offers 
high private and social returns in terms of high produc- 
tivity. (See Rates of Return.) It should be noted, however, 
that the precise magnitude of these returns cannot be 
measured without the use of simplifying assumptions in 
the analysis. A recent survey article by Nadiri (1993) 
examined 63 studies in this area published by prominent 
economists, mostly in reference to the United States, but 
also in reference to Japan, Canada, France, and 
Germany. Looking at the results of these studies, he con- 
cluded that R&D activity renders, on average, a 20- to 30- 
percent annual return on private (industrial) 
investments. R&D renders a much greater return to soci- 
ety overall. Estimates of these “social rates of return” 
range from 20 to 100 percent, with an average of approxi- 
mately 50 percent (Nadiri, 1993). These figures for the 
aggregate effects of R&D are consistent with the high 
returns often found in the analysis of individual innova- 
tions. For example, Mansfield (1994) examined three 
studies of sets of specific innovations, which reported 
social rates of return of 56, 70, and 99 percent. Recent 
work by Brynjolfsson and Hitt (1993) found the returns 
from information technology to be quite high, exceeding 
80 percent per year from 1987 to 1991 (Magnet, 1994). 
Trajtenberg (1990), whose work is described in greater 
detail below, found the social rate of return from innova- 
tions in a particular type of medical equipment (comput- 
ed tomography scanners) to be as high as 270 percent 
per year. This is not to say that every research project 
has a high, or even a positive, rate of return, but portfo- 
lios of scientific research projects selected for analysis 
have the rates of return cited above. 


The literature is quite extensive in this area, and therefore, an ade- 
quate literature review would not be possible within the confines of 
this chapter. 
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Several recent studies on U.S. industries estimate aver- 
age rates of return from R&D investments. (See text table 
81.) The rates of return are for individual firms (“firm- 
level” studies) or for industries as a whole (“industry- 
level” studies, often by standard industrial classification 
[SIC]). These rates differ, depending on the time period 
being studied, the type of data, and the analytical method 
employed. Nevertheless, taken together, they reveal that 
R&D does tend to render high rates of return. 

Griliches (1994) examined data on different industries 
from 1958 to 1989 and provided strong evidence that 
industrial productivity increases with increased R&D 
expenditure as a proportion of sales volume. He noted 
that the computer industry is a major outlier in the data. 
It has both the highest productivity growth and the high- 
est ratio of R&D to sales. With computers left out of the 
data, the relationship between R&D and productivity is 
not as strong, though it is still substantial. Although R&D 
is a Statistically significant, contributing tactor to produc- 
tivity growth, productivity differences across sectors of 
the economy cannot be explained by R&D alone. 

Because of difficulties in assessing the economic value 
of new and improved gous and services, it has always 
been difficult for economists to measure productivity 
precisely. Higher quality goods and services can have 
the same prices or be measured in the same quantities 
as lower quality goods and services. As a result, the real 
economic value of new goods and services is sometimes 
underestimated, along with the productivity of the indus- 
tries that produce them (Gordon, 1990). 

Many other types of measurement problems can arise. 
Suppose a newly developed computer costs the same 
amount to produce and to operate as its predecessor, but 
it performs twice as many calculations per second. 
Intuitively, the new computer is twice as productive as 
the former one.‘ Information about product characteris- 
tics is often unavailable, however, and even when it is 
available, its relationship to productivity can be extreme- 
ly complicated. The productivity of the improved com- 
puter may be less than twice that of the former computer 
or more than twice that of the former computer, depend- 
ing on how much of the capacity is tapped. Without such 
information, it is difficult for any researcher to determine 
the extent to which productivity increases are attribut- 
able to the new computer. 

Traditionally, economists have evaluated a product's 
value using price. However, for instance, a new comput- 
er’s price is not a good indicator of its productive value. 
Price depends on several factors not necessarily related 
to the computer's productivity, such as the costs of pro- 
ducing the unit, the competitiveness of the market, and 
speculation among computer buyers about the future 
availability of another even better computer (which 
would lower the price of the existing computer by reduc- 


‘In a more complicated analysis, one might consider the economic 
concept of diminishing returns, in which the additional calculations are 
not as valuable as the first set of calculations. 
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All investments have rates of return that measure 
the extent to which investors earn money for their ini- 
tial investment. Many rates of return are based on a 
preset arrangement between the borrower and lender. 
For example, if a person opens a savings account that 
has a 3-percent interest rate and places an initial invest- 
ment of $100 in the account, 1 year later, the investor 
would have $103 in the account—the original invest- 
ment, plus 3-percent interest. 

For most investments, neither total expenditures nor 
total earnings occur at a single point in time, but in 
flows of different quantities in different years. 
Investors use the concept of net present value to equili- 
brate amounts of expenditures or gains occurring at 
different points in time. Net present value represents 
the comparison of an amount of money at the present 
time and its value in the future. 

For any risky investment, once the flow of expendi- 
tures and gains has stopped, investors can calculate 
the internal rate of return based on these values. In 
effect, this calculation answers the following question 
for the investor: Suppose there were a savings account 
with a constant interest rate that could have been 
invested in, instead of making the investment actually 
made. What would that theoretical interest rate have to 
be to make the investor equally content to have made 
the investment? 

The internal rate of return allows for a concise and 
objective method of comparing the relative success of 
different investments. Suppose one investment 
involved an initial expenditure of $100 and yielded a 
single gain, 1 year later, of $105, while another invest- 
ment also involved an initial investment of $100, but 
yielded a single gain of $106.12 after 3 years. In this 
example, the first investment would be regarded as 
economically preferable, even though the specific 
amount of money received was less, because it had an 
internal rate of return of 5 percent, while the second 
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investment had an internal rate of return of only 2 per- 
cent. The superiority of the first investment is evi- 
denced by the fact that the investor could have 
recycled the earnings in the same investment for 2 
more years, which would have rendered a total of 
$115.76 after 3 years instead of $106.12. 

For any given income stream of expenditures and 
gains from a research project or collection of projects, 
with expenditures represented by negative numbers 
and gains by positive numbers, the internal rate of 
return can be interpreted mathematically as the hypo- 
thetical interest rate that would cause the net present 
value of the income stream to be zero. It can be calcu- 
lated by solving an equation in which the sum of all 
time-adjusted expenditures and gains is set to zero.* 

From its definition, the internal rate of return can be 
calculated once all the gains, losses, and timeframes 
are known. Estimating rates of return for scientific 
research is difficult because of inherent problems that 
exist in estimating a project’s potential gains and loss- 
es. For instance, research in one area may be interde- 
pendent with research in a related area, making it 
difficult for investors to separate their individual 
effects. Furthermore, society often gains more from a 
successful scientific advancement than does the orga- 
nization conducting the research. Consequently, there 
are two rates of return: the private rate of return, which 
is based on the expenses incurred and profits made by 
the company conducting the research, and the social 
rate of return, which is based on the overall effects on 
society, including the firm conducting the research. 


*Set 0 = £, X,(1+7)" and solve for r, the internal rate of return (as a 

, where the investment begins at time ¢ = 0, and X, is an expen- 

diture (negative) or gain (positive) at time ¢. For example, 
if one invests $100 dollars at t = 0, and receives $105 dollars in 
the next year when the investment is terminated, then we have: 
-100 + 105/(1+7) «0 r= .05, Le., the internal rate of return is 5 percent. 


ing demand for it). Finally, the improved productivity of 
the firm that purchases the new computer may be 
strongly interrelated with the application of new software 
associated with the new computer, as well as its employ- 
ees’ programming skills. 

These concerns regarding productivity measurement, 
especially as they relate to the quantification of new 
forms of capital equipment, have long been recognized 
by economists. In one of the earliest works on the pro- 
ductivity effects of R&D, Solow (1957, p. 312) notes that 
his analysis is limited by “the profound difficulties that 
stand in the way of giving any precise meaning to the 
quantity of capital.” Given the complexity of production 


processes, the difficulties of calculating productivity 
changes attributable to R&D involve not only information- 
al difficulties, but often analytical and philosophical ones 
as well (Blaug, 1992; Boskin and Lau, 1994; Chase, 1979; 
Eichner, 1983; Griliches, 1992). On the other hand, such 
limitations have tended to produce underestimates, more 
than overestimates, of the importance of R&D (Nordhaus, 
1994). Consequently, the high rates of return to R&D 
observed by economists serve as evidence of the impor- 
tance of scientific research to the Nation’s economy. 
When investment in physical capital or in inventories 
of raw materials yields a high return, it is often due, indi- 
rectly, to scientific or engineering advances, even 
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Text table 8-1. 
Estimated annual rates of return to R&D expenditures in the United States, according to various economic studies 


Firm-level studies industry-level studies 


Author(s) and year of study Rate of return’ Author(s) and year of study Rate of return’ 
Percent Percent 
I i, nesta 6 6 664s Chen kh ees 3 Terleckyj (1980) ...............-.2..220... NS? 
Bernstein-Nadiri (1989b).............. i 7 Griliches-Lichtenberg (1984a) ............... 4 
Schankerman-Nadiri (1986) ....... oo, 13 Patel-Soete (1988) ................0.2.... 6 
Lichtenberg-Siegel (1991) .......... a 13 Mohnen-Nadiri-Prucha (1986) ............... 11 
Bernstein-Nadiri (1989a).......... seeees 15 Terleckyj (1974) ................--..2-245. 15 
Clark-Griliches (1984) .............00... 19 Wolff-Nadiri (1987) ..........0.000.000000.. 15 
Griliches-Mairesse (1983)................ 19 Sveikauskas (1981) ....................... 16 
Jaffe (1986)... eee ee, 25 Bernstein-Nadiri (1988) ..................... 19 
Griliches (1980) ...... ptenausatschece 27 Link (1978) .. eee ee eee. 19 
Mansfield (1980) ....................... 28 CE ates cecdctsesgeeveseseees 21 
Griliches-Mairesse (1984)................ 30 Bernstein-Nadiri (1991) ..................... 22 
Griliches-Mairesse (1986)................ 33 Scherer (1982, 1984) ..............0.0..... 36 
Griliches (1986) ................0...... 36 
Schankerman (1981) ................... 49 
EUR. -occworcceenceceseveseses 54 


‘For studies for which Nadiri (1993) reports a range of possible returns, the midpoint of that range is provided in this tabie. 
“Not significantly different from zero in a statistical sense. This result, however, may be a reflection of limitations in the quantity of data used in the study. 


*Economy-level study (all industries grouped together). 


SOURCE: M.1. Nadiri, “Innovations and Technological Spillovers,” Working Paper No. 4423 (Cambridge, MA: National Bureau of Economic Research, 1993). 


though the investment itself does not fall under the 
heading of R&D. In effect, R&D conducted in one indus- 
trial sector has beneficial spillover effects in another, in 
the form of returns to investors and consumer satisfac: 
tion. These ripple effects have continual and strong influ- 
ence on investment opportunities, many of which are not 
directly associated with scientific research. 

These results should be viewed in a larger context. 
Although average rates of return to R&D investment 
have been estimated to be quite high, economists have 
also observed equally high, and sometimes even greater, 
rates of return for other types of investment by firms. 
Non-R&D investments could include, for example, 
enhancement of productive capacity through the acquisi- 
tion of new machinery, advertising, marketing research, 
building up of inventories, hiring consultants to improve 


managerial practices, and speculative purchases of 


assets in anticipation of price increases. Because results 
of research cannot always be predicted and often require 
a long time to develop, individual R&D investment dect- 
sions carry an element of risk and, in many cases, R&D 
may not be the most profitable investment a firm could 
make; the best tvpe of investment would depend on the 
circumstances particular to a firm. 
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Industrial Innovations 
Arising from Academic Research 


The sharing of basic knowledge among scientists is 
essential to the progress of many areas of science. It pre- 
vents an enormous amount of redundancy and unneces- 
sary experimentation. Yet, because basic research is 
often published in scientific journals and shared among 
colleagues, it cannot be owned the way someone might 
own a patent. It is generally not possible for the benefits 
of basic research to be captured only by the scientists 
and institutions that conduct it. The spillovers, or ripple 
effects, of basic research have often yielded high returns 
to subsequent applied research or have had positive 
effects for consumers of final goods or services that rely 
on the new technology. Consequently, the overall net 
benefits of basic research to private investors and to 
society may be quite high, even when such returns can- 
not be captured by the individuals and institutions that 
originally performed the basic research. Basic research 
frequently is funded by public sources of support or by 
industrial alliances among private companies that can 
pool together funds for basic research (Romer, 1993). 
Basic research is also viewed as a necessary and/or 
important investment by numerous industrial firms in an 
effort to remain competitive and to open new markets. 

Basic research very often generates knowledge involv- 
ing many different domains of study including the sys- 
tematic examination of the physical and biological world 
as well as human activity, interaction, and behavior. 
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Because such research cuts across many disciplines and 
industrial categories, there traditionally has been 
widespread consensus on the important role of govern- 
ment funding of basic research. Basic scientific research 
that is supported through public funding is carried out 
primarily in academic settings. In a recent study, 
Mansfield (1995) examined the importance of academic 
research in the development of new industrial products 
and processes. He surveyed a total of 76 firms in seven 
industries and asked them about the new products and 
processes they developed. The firms reported that 
approximately 10 percent of their new products aud pro- 
cesses could not have been developed without academic 
research. (See text table 8-2.) This type of analysis is 
understood more easily, and appears to be less ambigu- 
ous, than the aforementioned studies on productivity. 
Moreover, Mansfield’s findings confirm the notion that 
some industries do benefit considerably from certain 
types of research, including academic research. (For 
more information on Mansfield’s research in this area, 
see chapter 5, Academic Research and Development: 
Infrastructure and Perfrmance, Selected Research on 
University/Industry R&D Linkages.) 

Rosenberg and Nelson (1994) examine the interrela- 
tionship between industrial and academic research. 
They observe, as many others have done, that academic 
research is oriented more toward acquiring fundamental 
knowledge in the sciences, while industrial research 
focuses more on immediate market applications of R&D. 
They remark: 

Basic research became increasingly viewed as the 

task of universities... However, by this we do not 

mean that such research is not guided by practical 
concerns...Nor does it mean that university scien- 
tists and engineers are not building and working 
with prototypes of applicable industrial technol- 
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ogy...What university research most uften does 

today is to stimulate and enhance the power of 

R&D done in industry, as contrasted with providing 

a substitute for it (Rosenberg and Nelson, 1994; 

p. 340). 

Rosenberg and Nelson also recognize a relatively 
strong association between academic and industrial 
research in several areas of medicine and electronics, 
which they attribute, in part, to research support from 
the Department of Defense and the National Institutes of 
Health. They observe that, in 1990, universities account- 
ed for 18 percent of U.S. patents in genetic engineering 
and recombinant DNA, 16 percent in natural resins/pep- 
tides or proteins, 12 percent in chemicals involving 
microbiology and molecular biology, 11 percent in 
organic compounds under patent class #536, and 11 per- 
cent for superconductor technology (Rosenberg and 
Nelson, 1994). 

Jaffe (1989) also examined academic research and 
industry patents, exploring the possibility of regional 
effects, in which companies conducting research may 
benefit from universities in their general location. He 
argued that such a relationship between industry and 
academia is consistent, for example, with “conventional 
wisdom that ‘Silicon Valley’ near San Jose, California, 
and Route 128 around Boston owe their status as centers 
of commercial innovation and entrepreneurship to their 
yroximity to Stanford and MIT” (Jaffe, 1989, p. 957). 
Using data from the NSF Industrial R&D survey, Jaffe 
compared research conducted in academic departments 
with incidences of industry patents within the same 
state. He carried out the analysis for 29 states for the 
years 1972-77, 1979, and 1981, covering five broad areas 
of research: pharmaceuticals and medical technology: 
chemical technology; electronics, nuclear technology, 
and optics; mechanical arts; and all other research. He 


Text table 8-2. 
Percentage of new products and processes that were dependent on academic research, for selected industries in 
the United States: 1975-85 
Percent dependent, at least 
partially, on recent academic eS 
research for their timety substantial whol 4 
development academic research 
industry — Products — ~ Processes — — Products — — Processes — 
td in tbe sbetbadhedaees p6.0'e% 3.6 1.7 6.5 15.5 
information processing... .. ©... 6. eens 11 11 17 16 
CE 646464604600 636b6 6606 hee dues 6 3 3 4 
Pci caedtabbnc ¥adhesseedsndes 4 4 2 4 4 
NS 0 5 0 066.6044 b0p 6000 0066020008 16 2 5 1 
Pharmaceuticals ......... bab dbebsneecers 27 29 17 8 
PS e660 0000 660b45b60 0000 6b0 se 2000 13 12 § 9 
Ps adh ebtveddeue cada ene cnsiecs 1 1 1 


1 
q 
SOURCES: E. Mansfield, “Acadernic Resoarci: and industria! Innovations,” Research Policy 1991, 20:1-12; and E. Mansfield, “Academic Research Undertying 


and Statistics 77(1): 55-65, 1905. 
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founu a significant positive relationship between industri- 
al patents and university research conducted on the 
same topic in the same state. The strongest effect was in 
pharmaceuticals and medical technology; followed by 
chemical technology; and electronics, nuclear technolo- 
gy, and optics. On the other hand, Jaffe mentions that 
his study does not rigorously establish the causal rela- 
tionship between university research and industrial 
patents. That relationship may be reversed, to some 
extent, by feedback mechanisms, in which industrial 
patents encourage further research by local universities. 


Contribution of Scientific 
Knowledge to Productivity Growth 


As already mentioned, productivity effects are changes 
in output that are not explained by changes in inputs. In 
this context, productivity is measured as a “residual 
effect”—-something that is left-over, or unexplained by 
standard factors. Some economists have explored more 
direct approaches for understanding technological change. 
However, because technological change is so broad and 
diverse, studies are generally unable to characterize aggre- 
gate productivity enhancements in terms of a small num- 
ber of specific factors. Consequently, many economists 
who are interested in the overall] effects of R&D on produc- 
tivity have focused on relatively broad factors associated 
with the behavior of firms and the mechanisms through 
which they evolve via the acquisition of knowledge, e.g., 
Nelson and Winter (1982) and Rosenberg (1994). 

Adams (1990) performed a study combining the two 
approaches of aggregate productivity measurement and 
knowledge acquisition by firms. His study used a pro- 
duction function, as in other productivity studies, but 
with two added inputs: knowledge acquired by firms, 
and spillovers of knowledge between firms of different 
industries. As a proxy for knowledge, Adams used the 
number of articles appearing in technical journals in nine 
fields: agriculture, biology, chemistry, computer science, 
engineering, geology, mathematics, medicine, and 
physics. He attributed these quantities of knowledge to 
scientific and engineering personnel in those fields, and 
used data on personnel counts by industry to approxi- 
mate levels of knowledge by industry. He measured 
spillover effects among industries based on the common- 
ality of their scientific personnel. He observed that these 
knowledge inputs explained part of the “residual” defin- 
ing productivity, and found them to be “sizable determi- 
nants of productivity growth” (p. 698). 

The principal findings to emerge from Adam's study 
are that lags in time exist between the appearance of 
research in the academic community and their effect on 
productivity. More precisely, Adams (p. 676) found that 
knowledge strongly contributes to growth, but lags 20 
years behind the first appearance of research in the sci- 
ence community. The lag for interindustry spillovers is 
approximately 30 years. However, computer science and 


engineering have shorter lags of approximately 10 years. 

In analyzing broad categories of goods or services, 
useful results are often difficult to acquive because of the 
variation that exists within a category. If a specific prod- 
uct, rather than a category, is considered, then the inter- 
relationship between scientific discoveries and economic 
effects can be identified more easily. In 1990, 
Trajtenberg performed such an analysis in one of the 
most rigorous and sophisticated studies of its kind. He 
investigated computed tomography (CT) scanners, 
which are often used in medical diagnosis and had been 
proven to be superior to X-ray machines. Through 
detailed collection of expenditure data on R&D by US. 
firms, and complicated analysis of the economic and 
social benefits that result from different CT scanners, 
Trajtenberg approximates the annual social rate of 
return to R&D to be 270 percent. 


Quality Improvement, Cost Reduction, 
and New Goods and Services 


Industries that replace existing products with unique 
products rely heavily on scientific discovery. Siegel 
(1994) provides the number of new products introduced 
for broad categories of U.S. industry. Having defined new 
products as those appearing in different time intervals 
(1972-77 and 1977-82), Siegel calculates the percentage 
of shipments in 1982 (in dollar values) devoted to these 
new products for 20 manufacturing categories (SIC codes 
20-39). The two industries with the lowest proportion of 
sales in new products from 1977 to 1982 were primary 
metals and electric machinery, with 6.6 and 9.0 percent, 
respectively, while the two with the highest proportion 
were nonelectric machinery and instruments, with 26.3 
percent and 32.0 percent, respectively. For the 1972-77 
period, the percent sales for the instruments category 
was again highest, this time at 47.2 percent. The second 
highest category in 1977, however, was petroleum, at 
38.2 percent, and the lowest two categories were furni- 
ture at 7.4 percent and apparel at 9.4 percent. In 1977, pri- 
mary metals registered 22.8 percent and electrical 
machinery 25.1 percent, which differ dramatically from 
their percentages in 1982.° The inconsistency across peri- 
ods suggests that overall trends in industrial use of R&D 
could be difficult to observe in terms of new products. 

If a particular good or service is defined in terms of 
scientifically measurable quantities, then measurement 
difficulties involving quality changes could sometimes be 
avoided. For example, Nordhaus (1994) examined “light- 
ing,” in which he defined quantities of light in lumens, 
the same measurement employed by physicists studying 
light flow. He found that, because of scientific and engi- 


‘Because his study focused on price-indexing, Siegel does not offer 
an explanation for why these percentages across time were different. A 
simpie explanation does not exist, although the circumstantial, individ- 
ual successes of a small number of new products might provide a par- 
tial explanation. 
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neering advances in lighting technology and in energy 
generation and transmission, the amount of human labor 
needed to produce light throughout history has gone 
down dramatically. In particular, the amount of light that, 
in 1800, required 5.4 hours of total labor for all aspects of 
production, required only 0.22 hours in 1900, 0.00060 
hours in 1990, and 0.00012 hours in 1992. Nordhaus does 
not associate these achievements with the R&D expendi- 
tures that made them possible. Nonetheless, he demon- 
strates that, in terms of basic, physical definitions of 
progress (such as lumens produced per hour of human 
labor), the benefits of scientific advancement can be quite 
large and tend to be much larger than what is often 
revealed by traditional, economic measures of change. 


Average Versus Marginal Effect, 
and Other Considerations 


R&D returns can best be understood when a distinction 
is drawn between an average return and a marginal 
return. The average return to expenditure on scientific 
research is the total change in earnings divided by the 
total amount spent on research. The marginal return is 
the change in earnings attributable to an additional dollar 
spent on research, above and beyond what has already 
been spent. If a society employs the very best scientists 
first, and conducts research in the most worthwhile areas 
first, then the average return will be higher than the 
marginal return. (See Jillustration of the Difference 
Between Average and Marginal Effects of Research.) 

Statistics on the economic growth of high-tech indus- 
tries might reflect the investment effects of R&D. For 
instance, jobs in the United States supported by exports 


of high-technology manufacturing industries grew from 
1.4 million in 1983 to 2.3 million in 1992. Total employ- 
ment supported by exports from all manufacturing 
industries grew at roughly the same rate, from 3.5 mil- 
lion in 1983 to 5.7 million in 1992 (Davis, 1995; p. 32). 
For services, high-tech industrial categories have not 
been as well established, but statistics defined in terms 
of specific high-tech products, like computers, may best 
reflect the growth of high-technology industries. As an 
example, the share of computers in total investments in 
durable equipment (by producers) rose from less than 1 
percent in 1960 to 11 percent in 1992 (Griliches, 1994). 

The effects of scientific research have not always been 
captured well by aggregate statistics on the growth of 
industrial groups. For instance, the bottom line for 
investors is more often profitability than growth, and the 
two may be distantly related when there is substantial 
cost reduction through scientific advances in process 
innovation. For example, an industry that employs more 
robots in its factories, and replaces factory labor, may be 
able to produce its goods more cheaply. On paper, it may 
seem to be “declining” in terms of lower revenues (due to 
price reductions) and in terms of lower employment, yet, 
by making profitable use of technology, it may be suc- 
cessful in the eyes of stockholders. 


Potential for Additional Research 
on Social and Educational Indicators 


In addition to the indicators presented thus far, indica- 
tors of the social and educational impact of science and 
engineering are also relevant. In particular, several re- 
searchers are examining the interrelationships that exist 


Suppose, for the sake of illustration, that a type of 
research involves only new medical treatments, each 
of equal value to society. If 100 scientists work on this 
research, and they tend to discover 10 medications per 
year, then the “average effect” would be 1 medication 
per 10 scientists. If a society were generally pleased 
with this outcome, it may want to hire more scientists 
to obtain more medications per year. 

Suppose it hired an additional 20 scientists, expect- 
ing to increase the number cof medications per year 
by two. However, simply increasing the number of 
scientists by 20 percent may not increase output by 
20 percent. Some of the additional scientists hired 
may not be as productive as those in the first 100, 
especially if there had been a tendency for organiza- 
tions to hire the most qualified scientists first. 
Secondly, even if those additional 20 scientists are as 
qualified as the first ones, they may not be able to 
work in laboratories of the same quality or have 
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access to the same resources. Thus, the output per 
scientist may be reduced. 

The output produced by the second group of scien- 
tists would be a “marginal effect,” not an “average 
effect.” Suppose this second group produced only one 
additional medication per year instead of two. In this 
case, society’s decision to expand the number of scien- 
tists from 100 to 120 should have involved a compari- 
son between the “marginal cost” to society of 


decision rule may seem obvious, but the rule iteelf 
could be overlooked by society if it overemphasizes 
the observation of average ene. ‘4. For instance, a pre- 
vious study might have demonstrated “an average 
return of 1 medication for every 10 scientists.” People 
may mistakenly take this to mean that there will 
always be 1 medication for every 10 scientists, regard- 
less of how many scientists are employed. 


among levels of education, technological advancement of 
the workplace, and wages.” This research is ongoing, 
however, and has yet to be fully realized. Moreover, 
while economists have reached a consensus on the 
methodology of measuring economic returns, they and 
other social scientists have not reached a consensus on a 
framework for examining and measuring other social! 
effects of science and engineering. For example, even 
the concept of the quality of life is not well understood. 
Consequently, it would be inappropriate, at this stage, to 
present the findings of studies in this area, although it 
might be useful to mention whai these studies are begin- 
ning to explore. 

Some early work was done on setting up a framework 
for monitoring social change.’ In the late 1960s, a panel of 
social scientists co-chaired by Daniel Bell and Alice Rivlin 
came together to discuss and make recommendations to 
the government concerning the importance of establish- 
ing an effort to measure and report on social indicators. 
Their findings* led to the development of a report series 
on social indicators.” However, one of the important miss- 
ing keys is a consensus on the nexus between science and 
engineering indicators and social indicators. 

Although there is little consensus on a general frame- 
work to approach this vast and complex topic, researchers 
from various disciplines have done work on certain 
aspects of social and educational impacts of science and 
engineering. For example, some recent studies have 
examined wage differentials among groups of people who 
differ in the level of education they have achieved." These 
differences in salary may change over time as a conse- 
quence, in part, of scientific and engineering advances. 
That is, changes in the workplace may tend to increase 
the salaries of highly educated employees, whose skills 
are more commensurate with new technologies, while 
decreasing the salaries of less educated employees 
(Baldwin et al., 1995). As more research is conducted in 
this area, useful results are likely to emerge. 

A related area of interest is educational opportunity, 
which has recently been linked to information technology. 
In particular, the quality of many forms of precollege edu- 
cation now depends on children’s access to computers. 
Recent studies have examined the availability of comput- 
ers to children in schools and at home. These studies have 
indicated differences in computer availability by income 
level, suggesting that low-income households may face 
increased barriers to ensuring their children receive an 
adequate education for competing in future job markets.'' 


‘See, for example, Department of Health, Education, and Welfare 
(1969). which reports on the deliberations and recommendations of a 
panel of social scientists concerning the importance of measuring and 
reporting on social indicators 

See, for example, Sheldon and Moore (1968), a compendium of re- 
search papers on the concepts and problems of developing various 
indicators of social change. 

‘See Department of Health, Education, and Welfare (1969). 

* See, for example, Department of Commerce (1977). 

“See, for example, Acs and Danzier (1993) and Doms et al. (1995) 

"See, for example, Rockman (1995). 
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Science Education and Public Understanding 
of Scientific and Technological issues 


Science education, at all levels, has given us a greater 
understanding of environmental issues, food safety 
issues, medical research issues, and others. (See also 
Chapter 7, Science and Technology: Public Attitudes and 
Public Understanding.) Education in these areas has 
enabled people to improve at various activities that often 
escape formal analysis. Some of these are 


@ Choosing the right products and services to consume by 
understanding what makes products 2nd services 
more attractive, safer, healthier, and consistent with 
other idealistic principles involving their production or 
use (such as whether they are environmentally safe). 


@ Interacting with others, including raising children 
(which is enhanced by education on the scientific 
characteristics of infants and children), helping oth- 
ers in emergency situations (such as administering 
emergency medical treatment), and interacting with 
individuals who have physical or cognitive disabilities. 


@ Participating in decisionmaking processes involving sci- 
entific matters, such as public decisionmaking on sci- 
ence policy (Petersen, 1984; and Krimsky, 1996), 
which could call for voicing opinions to others and/or 
voting, and private decisionmaking, e.g., determining 
how much physical exercise a person should perform. 


Finally, research and the acquisition of knowledge in 
science and engineering have had beneficial spillover 
effects on other disciplines. For example, much of the 
credence that many social scientists pay to the “scientific 
method,” which some believe provides quality control in 
the social sciences, may be attributed to the influence of 
the commitment scientists and engineers have demon- 
strated toward the scientific method.'- In this sense, sci- 
ence and engineering not only expand scientific 
knowledge, but provide an epistemological framework 
that other researchers in other disciplines sometimes 
emulate (Eichner, 1983; Rutherford and Algren, 1990). 
That is, scientific research not only teaches about sci- 
ence, it teaches about the process of thinking itself. It 
helps to promote a culture of reasoned discourse, and the 
economic and social significance of this effect alone 
could be quite substantial. 


Conclusion 


The examination of economic indicators showed the 
difficulties of calculating the “rates of return” on scientif- 
ic and engineering research. Not only is much of this 
information unobtainable, or ambiguous, but many of the 
gains from research are simply monetarily intangible. 
Translating a medical breakthrough that saves a human 


See, for example, Keeports and Morier (1994) on the importance 
of the scientific methcd in scientific inquirn 
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life into monetary terms is difficuli. Studies that have 
attempted to do so have varied greatly in their estimates. 
On the other hand, when an analysis is restricted to the 
sales value of goods and services, or the profits earned 
by firms, scientific research is often found to have very 
high rates of return. These results suggest that the true 
benefits of science and engineering, in terms of all 
effects—tangible and intangible—could be even higher. 
Average estimated rates of return have been high, as in 
Nadiri’s (1993) estimate of a 20- to 30-percent return, 
which he based on several economic studies. This does 
not mean, however, that each scientific research project 
will have this rate of return—some will have much lower 
rates and others much higher. 

The complete contribution of a particular scientific 
project or program is often difficult to trace because 
research in one area enhances or benefits research in 
other areas. For instance, the benefits of magnetic reso- 
nance imaging (MRI) technology extend beyond its use 
in medical diagnosis, because the technology is also 
employed in medical, biological, and neuroscience 
research. Thus, one cannot assess these benefits without 
knowing something about MRI's usefulness as a 
research tool, which is an aspect of the device that ex- 
tends beyond the “medical sector.” 

We must alse keep in mind that many of the important 
effects of scientific research may not, themselves, be scien- 
tific in character. That is, studies on scientific discoveries 
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have always focused on what makes science interesting, 
but economic and social effects of scientific advances may 
not, in themselves, be scientifically interesting. These 
advances may include improvements in office equipment, 
industrial robots that can produce goods more cheaply, 
and diapers that are more absorbent. Scientific advances 
that are less spectacular may receive less public attention, 
or the attention they do receive may not be associated with 
the allure of scientific discovery. Nevertheless, even the 
seemingly mundane and incremental advances are impor- 
tant to consider in assessments of the economic and social 
importance of scientific research. 

One of the most dramatic effects of recent scientific 
and engineering research has been the explosive 
growth of information technology (IT). Some studies 
have found that IT and other high-tech developments 
tend to increase disparities among subgroups of the 
population in terms of employment and educational 
opportunities. In many instances, technological 
advances increase the demand for employees with skills 
in high-tech and [IT-related areas, while decreasing the 
demand for employees without such skills. As a result, 
the importance of exposure to IT in education, as a fac- 
tor related to future employment, is growing. Like the 
proverbial tree falling in the forest, SE research must 
be perceived in order to have any real effect. Therefore, 
S&E research, to be most effective, should be integrated 
with an education system. 


References 


Acs, G., and S. Danzier. 1993. “Educational Attainment, 
Industrial Structure, and Male Earnings Through the 
1980s.” The Journal of Human Resources 28(3): 618-48. 

Adams, J.D. 1990. “Fundamental Stocks of Knowledge 
and Productivity Growth.” Journal of Political Economy 
98(4): 673-702. 

Baldwin, J.R., B. Diverty, and J. Johnson. 1995. “Execu- 
tive Summary” in Success, Innovation, Technology, and 
Human Resource Strategies—An Interactive System. 
Paper prepared for a conference on The Effects of 
Technology and Innovation on Firm Performance and 
Employment, sponsored by the U.S. National Research 
Council, U.S. Department of Commerce, Government 
of Canada, and Organisation for Economic Co-opera- 
tion and Development, Washington, DC, May 1-2. 

Bernstein, J.1., and M.1. Nadiri. 1988. “Interindustry R&D 
Spillovers, Rates of Return, and Production in High- 
Tech Industries.” American Economic Review, Papers 
and Proceedings 78: 429-34. 

. 1989a. “Rates of Return on Physical and R&D Cap- 

ital and Structure of the Production Process: Cross 

Section and Time Series Evidence.” In Advances in 

Econometrics and Modelling, edited by B. Raj. London: 

Kluwer Academic Publishers. 


. 1989b. “Research and Development and Intrain- 
dustry Spillovers: An Empirical Application of Dynamic 
Duality.” Review of Economic Studies 56: 249-69. 

. 1991. Product Demand, Cost of Production, Spiil- 
overs, and the Social Rate of Return to R&D. Working 
Paper #3625. Cambridge, MA: National Bureau of 
Economic Research. 

Blaug, M. 1992. The Methodology of Economics; Or How 
Economists Explain. Cambridge, UK: Cambridge 
University Press. 

Boskin, M.J., and L.J. Lau. 1994. The Contribution of R&D 
to Economic Growth: Some Issues and Observations. 
Paper presented at the conference on The Contribu- 
tions of Research to the Economy and Society, spon- 
sored by the American Enterprise Institute. 

Brynjolfsou, E., and L. Hitt. 1993. /s Information Systems 
Spending Productive? New Evidence and New Results. 
Working Paper No. 3571-93. Boston: Sloan School, 
Massachusetts Institute of Technology. 

Chase, R.X. 1979. “Production Theory.” In A Guide to 
Post-Keynesian Economics, edited by Aifred S. Eichner. 
White Plains, New York: M.E. Sharp, Inc., 71-86. 


8-12 ¢ 


Cozzens, S.E. 1994. “Quality of Life Returns from Basic 
Research.” Paper prepared for the conference on The 
Contributions of Basic Research to the Economy and 
Society, sponsored by the American Enterprise 
Institute for Public Policy and Research, Washington, 
DC, October 30. 


. 1995. Assessment of Fundamental Science Programs 
in the Context of the Government Performance and 
Results Act. RAND/MR-707.0-OSTP. Santa Monica, 
California: RAND Corp. 


Davis, L.A. 1995. U.S. Jobs Supported by Goods and 
Services Exports. Washington, DC: U.S. Department of 
Commerce, Economics and Statistics Administration. 


Department of Commerce. 1977. Social Indicators 1976. 
Washington, DC: Bureau of Census, Office of 
Statistical Policy and Standards. 


Department of Health, Education, and Welfare. 1969. 
Toward a Social Report. Washington, DC: U:S. 
Government Printing Office. 


Doms, M., T. Dunne, and K. Troske. 1995. “Workers, 
Wages, and Technology.” Paper presented at the 
National Academy of Science conference on The 
Effects of Technology and Innovation on Firm Per- 
formance and Employment, Washington, DC, May 1-2. 

Eichner, A.S. 1983. “Why Economics is Not Yet a 
Science.” In Why Economics Is Not Yet a Science, edit- 
ed by Alfred S. Eichner. Armonk, NY: M.E. Sharp, Inc. 


Gordon, R.J. 1990. The Measurement of Durable Goods 
Prices. Chicago: University of Chicago Press. 

Griliches, Z. 1980. “Returns to Research and Develop- 
ment Expenditures in the Private Sector.” In New De- 
velopments in Productivity Measurement and Analysis. 
Chicago: University of Chicago Press. 

. 1986. “Productivity, R&D and Basic Research at 

the Firm Level in the 1970s.” American Economic 

Review 76(1): 141-54. 

. 1992. “The Search for R&D Spillovers,” Scandi- 

navian Journai of Economics 94, Supplement, 29-47. 

. 1994. “Productivity, R&D, and the Data Constraint.” 
American Economic Review 84: 1-23. 

Griliches, Z., and F. Lichtenberg. 1984. “R&D and Pro- 
ductivity Growth at the Firm Level: Is There a 
Relationship?” 'n R&D, Patents and Productivity, edited 
by Zvi Griliches. Chicago: University of Chicago 
Press, 46—96. 

Griliches, Z., and J. Mairesse. 1983. “Comparing 
Productivity Growth: An Exploration of French and 
U.S. Industrial and Firm Data.” European Economic 
Review 21: 89-119. 

. 1984. “Productivity and R&D at the Firm Level.” 

In R&D, Patents, and Productivity, edited by Zvi 

Griliches. Chicago: University of Chicago Press, 

330-74. 


Chapter 8. Economic and Social Significance of Scientific and Engineering Research 


. 1986. “R&D and Productivity Growth: Comparing 
Japanese and U.S. Manufacturing Firms.” Working 
Paper #1778. Cambridge, MA: National Bureau of 
Economic Research. 

Gullickson, W. 1995. “Measurement of Productivity 
Growth in U.S. Manufacturing.” Monthly Labor Review 
120(7): 13-28. 

Jablonski, M. 1995. “Multifactor Productivity: Cotton and 
Synthetic Broadwoven Fabrics.” Monthly Labor Review 
120(7): 29-38. 

Jaffe, A. 1986. “Technological Opportunity and Spillovers 
of R&D: Evidence from Firms’ Patents, Profits, and 
Market Value.” American Economic Review 76: 
984-1001. 


. 1989. “Real Effects of Academic Research.” Amer- 
ican Economic Review 79(5): 957-70. 


Keeports, D., and D. Morier. 1994. “Teaching the 
Scientific Method.” Journal of College Science Teaching 
(September/October): 45—50. 


Kelman, S. 1981. “Cost Benefit Analysis: An Ethical 
Critique.” Regulation, (January/February): 33-40. 

Krimsky, S. 1996. Agricultural Biotechnology and the 
Environment: Science, Policy, and Social Issues. Urbana, 
IL: University of Illinois Press. 


Levy, D.M., and N.E. Terleckyj. 1982. “Effects of Govern- 
ment R&D on Private R&D Investment and Productiv- 
ity: A Macroeconomic Analysis.” Paper presented 
before the Annual Meetings of the Southern Eco- 
nomic Association, Atlanta, November 11. 


Leyden, D.P., and A.N. Link. 1991. “Why are Govern- 
mental R&D and Private R&D Complements?” Applied 
Economics 23: 1673-81. 


Lichtenberg, F.R., and D. Siegel. 1991. “The Impact of 
R&D Investment on Productivity: New Evidence Using 
Linked R&D-LRD Data.” Economic Inquiry 29(2): 
203-29. 


Link, A.N. 1978. “Rates of Induced Technology from 
Investments in Research and Development.” Southern 
Economic Journal: 370-9. 


. 1983. “Inter-firm Technology Flows and Produc- 
tivity Growth.” Economics Letters 11: 179-84. 


Magnet, M. 1994. “The Productivity Payoff Arrives.” 
Fortune (27 June): 79-84. 


Mansfield, E. 1980. “Industrial R&D in Japan and the 
United States: A Comparative Study.” American 
Economic Review, Papers and Proceedings 78: 223-8. 


. 1991. “Academic Research and Industrial Inno- 
vation.” Research Policy 20: 1-12. 


. 1994. “The Contributions of New Technology to 
the Economy.” Paper presented at a conference on 
The Contributions of Research to the Economy and 
Society, sponsored by the American Enterprise 
Institute for Public Policy and Research, Washington, 
DC, October 3. 


204 


Science & Engineering indicators — 1996 


. 1995. “Academic Research Underlying Industrial 
Innovations: Sources, Characteristics, and Financing.” 
Review of Economics and Statistics 77 (1): 55-65. 

Minasian, J.R. 1969. “Research and Development, 
Production Functions and Rates of Return.” American 
Economic Review 59: 80-5. 

Mohnen, P., M.I. Nadiri, and I. Prucha. 1986. “R&D, 
Production Structure and Rates of Return in the U.S., 
Japanese and German Manufacturing Sectors.” 
European Economic Review 30: 749-71. 

Nadiri, M.I. 1993. “Innovations and Technological 
Spillovers.” Working Paper No. 4423. Cambridge, MA: 
National Bureau of Economic Research. 


Nelson, R.R., and $.G. Winter. 1982. An Evolutionary 
Theory of Economic Change. Cambridge, MA: The 
Belknap Press of Harvard University Press. 

Nordhaus, W.D. 1994. Do Real Output and Real Wage 
Measures Capture Reality? The History of Lighting 
Suggests Not. Cowles Foundation Discussion Paper 
No. 1078, September. 

Patel, P., and L. Soete. 1988. “Measuring the Economic 
Effects of Technology.” STI Review (OECD, Paris) 4: 
121-66. 

Petersen, J.C. 1984. Citizen Participation in Science 
Policy. Amherst, MA: University of Massachusetts 
Press. 

Rockman, S. 1995. “In School or Out: Technology, 
Equity, and the Future of Our Kids.” Communications 
of the ACM 38(6): 25-9. 

Romer, P.M. 1993. “Implementing a National Tech- 
nology Strategy with Self-Organizing Industry 
Investment Boards.” Brookings Papers: Micro- 
economics 2: 345-99. 

Rosenberg, N. 1994. Exploring the Black Box: Technology, 
Economics, and History. New York: Cambridge 
University Press. 

Rosenberg, N., and R. Nelson. 1994. “American Uni- 
versities and Technical Advance in Industry.” Research 
Policy 23: 323-48. 

Rutherford, F.J., and A. Ahlgren. 1990. Science for All 
Americans. New York: Oxford University Press. 


* 8-13 


Scherer, F.M. 1982. “Interindustry Technology Flows 
and Productivity Growth.” Review of Economics and 
Statistics 64: 627-34. 


. 1984. “Using Linked Patent and R&D Data to 
Measure Interindustry Technology Flows.” In R&D, 
Patents and Productivity; edited by Zvi Griliches. 
Chicago: University of Chicago Press, pp. 417-64. 

Shankerman, M. 1981. “The Effects of Double-Counting 
and Expensing on the Measured Returns to R&D.” 
Review of Economics and Statistics 63(3): 454-8. 

Shankerman, M., and M.I. Nadiri. 1986. “A Test of Static 
Equilibrium Models and Rates of Return to Quasi- 
Fixed Factors, with an Application to the Bell System.” 
Journal of Econometrics 33: 97-118. 

Sheldon, E.B., and W.E. Moore, eds. 1968. Indicators of 
Social Change. New York: Russell Sage Foundation. 
Siegel, D. 1994. “Errors in Output Deflators Revisited: 
Unit Values and the Producer Price Index.” Economic 

Inquiry 32: 11-32. 

Solow, R.M. 1957. “Technological Change and the Ag- 
gregate Production Function.” Review of Economics 
and Statistics 39 (August): 312-20. 

Sveikauskas, L. 1981. “Technology Inputs and 
Multifactor Productivity Growth.” Review of Economics 
and Statistics 63: 275-82. 

Terleckyj, N. 1974. Effects of R&D on the Productivity 
Growth of Industries: An Exploratory Study. Washing- 
ton, DC: National Planning Association. 

. 1980. “Direct and Indirect Effects of Industrial 
Research and Development on the Productivity 
Growth of Industries.” In New Developments in 
Productivity Measurement and Analysis. Chicago: 
University of Chicago Press. 

Trajtenberg, M. 1990. Economic Analysis of Product 
Innovation: The Case of CT Scanners. Cambridge, MA: 
Harvard University Press. 

Wolff, E.N., and M.I. Nadiri. 1987. Spillover Effects, 
Linkage Structure, Technical Progress and Research 
and Development. C.V. Starr Center Research Report 
#87-43. 


Appendix A 
Appendix Tables 


Chapter 1. Elementary and Secondary Mathematics and Science Education 


Mean proficiency scores on the NAEFP tests, by subject, age, sex, and race/ethnicity: 1970-1992........... 7 
Levels of mathematics proficiency. ............00 0c ce ee ee eee eee eee eee eeeeeees 8 
I in ee eee e teehee eeneeeeeercereareccererconseneeeesesesees 9 
Background and description of the mathematics content areas ... 2... 0.0.0 e ccc cc eee ee ee eee ees 10 
IAEP mathematics scores for selected countries at 5th percentile, mean, and 95th percentile, 

I a i a a i i il lie i ee 11 
IAEP science scores for selected countries at 5th percentile, mean, and 95th percentile, by age: 1991 ...... 12 
Mean score of 8th-grade public school students on the NAEP mathematics test, by state, 

race/ethnicity, and percentage of persons age 25 and over with high school diploma: 1992 ............ 13 
Percent of high school graduates earning minimum credits in mathematics courses, 

I nn 4000940808 kRES Ss 14 
Percent of high school graduates earning minimum credits in science courses, 

IS nee 6000055 00O" 15 
Average number of mathematics and science courses completed in high school, 

by sex, race/ethnicity, and socioeconomic status: 1992............. cece cece ee eee eee eee eeees 16 
1988-1992 achievement gain in mathematics and science, by number of courses completed 
Nee i eee cnsekasedieente 17 
Mean mathematics 1990-1992 achievement score gain by achievement level of class 

I i nest seten 18 
Percentage of students who used a computer at school or at home, by selected characteristics: 

EER RISE EE LST EEE CL ae ee Se ee Ee Ty Te 19 
Total amount of time mathematics teachers spent on in-service education in mathematics 

De ee ee nd ae cebb bbs ebinheseceseceweaaaes 20 


Chapter 2. Higher Education in Science and Engineering 


2-1 


2-10 
2-11 
2-12 
2-13 
2-14 
2-15 
2-16 
2-17 
2-18 


Ratio of total first university degrees and S&E degrees to the 24-year-old population, 


ee a i eke kee hebennbesbebbesteesseseneee 21 
Ratio of science and engineering degrees to total first university degrees, by region/country: 

rs . ed ee eee ee cs hbase he Shed wae Oh0004000080 0000020046008 22 
Ratio of total first university degrees and S&E degrees to the 24-year-old population, 

ee Se dg onc on gab 66Gb UREN OOO 000 006840000000 804008 23 
Science and engineering degrees as a percentage of total first university degrees, 

a os 6s 6:0: 06.6 0.006 600006050080 008e400seeeeeeeeenn 25 
Share of first university science and engineering degrees obtained by males and females 

in selected countries and the United States: 1992 or most current year... ............0 ccc cece eeee 27 
Enrollment in higher education, by Carnegie institution type: 1967-93. ..........0.0...0 0. cece eee ees 29 
Number of science and engineering degrees, by degree level and institution type: 1993 ............... 30 
Number of institutions awarding science and engineering degrees, by degree level 

CE os hace eh eked bes 60656005 00-5 5.060604 5O0500 00645 080 0000000000008 31 
Total undergraduate enrollments, by race/ethnicity, citizenship, and sex: 1978-93 ................... 32 
Undergraduate enrollment in engineering and engineering technology programs: 1979-94.............. 33 
Engineering enrollments, by attendance pattern. 1979-94 2.0... ce ee eee eee eens 34 
Undergraduate enrollment in engineering, by sex, race/ethnicity, and citizenship: 1979-94 ............. 35 
Freshman choice of major in broad science and engineering fields, by race/ethnicity and sex: 1975-94 ... . 36 
Freshman choice of major in subfields of science and engineering, by race/ethnicity: 1974-94........... 39 
Student enrollment in postsecondary institutions, by disability status: 1992-93 ...................005. 40 
Earned aueoctate Gaarecs, Gy Ge GRE GHG: TOTOGS wooo ccc cece cee s eee eeseeeeeeees 41 
Earned associate degrees, by race/ethnicity and field: 1977-93 .. 2... 0. ce eee 42 


TOE DRCTICSNT © GROUR, WY GEE GE TUE TOUR oc ccc cece eee reece reeeeeeessoecvess 43 


Appendix A. Appendix Tables 


Earned bachelor’s degrees, by race/ethnicity, citizenship, and field: 1977-93 ...................0005. 45 
Distribution of total higher education faculty, by field, sex, and race/ethnicity: 1993 ................... 47 
Full-time higher education faculty in science and engineering fields, 

EE EE 48 
Higher education faculty, by field and citizenship status: 1993... 2.0.0.0... ccc eee wee eens 48 
Graduate enrollment in science and engineering, by race/ethnicity, citizenship, and field: 1983-93........ 49 
Graduate enrollment in engineering, by citizenship: 1985-94... 2... 0... ee eee 50 
Graduate enrollment in science and engineering, by sex and field: 1977-93. .............0.0.. 00000 cue 51 
Earned master’s degrees, by sex and field: 1975-93 . 2... cc ce cee eee ee eee eens 52 
Earned master’s degrees, by race/ethnicity, citizenship, and field: 1977-93............... 0.0.00 000 e 54 
Earned doctoral degrees, by sex and field: 1975-93 .. 0... ccc ccc cee eee eee eee enes 56 
Earned doctoral degrees by race/ethnicity, field, and citizenship: 1977-93 .............0...0...200005. 58 
Doctoral degrees in S&E in selected major industrialized countries: 1975-83..................0000005 60 
Doctoral degrees in science and engineering, by region/country: 1992.................00 cee eee e eee 65 
U.S. doctoral degrees earned by foreign students from Asian countries: 1983-93 ..................0055 66 
S&E degrees in higher education earned by foreign students in selected major 

industrialized countries: selected years ........... 0. cc ccc cee ce eee eect ence cece cece eeeees 67 
Foreign doctoral recipients from U.S. universities who plan to stay in the United States, by field and 

region/country of origin: 1980, 1990,and 1992) 2... cc cece cece cece ee ee eee eenes 68 
Percentage of foreign doctoral recipients working in the United States: various years ................. 72 
Percentage of 1987-88 foreign doctoral recipients working in the United States, by country: 1989-92...... 72 
S&E doctoral degrees earned by Asian students within Asian universities and from 

EDT ER RL ae ern ene ee ey a a ere 73 
Financial support to full-time science and engineering graduate students, by field 

a oe CR a kk ow ow weer cusecsdns 74 
Primary financial support to full-time science and engineering graduate students, 

I i en 78 
Full-time science and engineering graduate students, by field and source of major support: 1983-93 ...... 80 
Foreign students enrolled in all U.S. institutions of higher education, 

RE ee er ee 84 
Primary source of support while in graduate school for science and engineering doctoral 

6 GO a ek se ee he nhedeneeseseeeebeeeas 85 


Chapter 3. Science and Engineering Workforce 


$1 


Number, employment status, and median income of 1991 and 1992 bachelor’s and 


master’s degree recipients, by field of degree: 1993............ ccc cece cece cece ee ee eee eenen 86 
U.S. citizen postdocs and Ph.D. degrees, by selected field and year: 1981-93 ..............000 0000005. 87 
Proportion of new Ph.D.s with definite postdoc plans, by selected field and year: 1970-93 ............... 88 
Proportion of Ph.D. recipients in postdoc positions, by years since Ph.D. and selected fields: 1993 ........ 88 
Number of individuals holding degrees in science and engineering: 1993 ..................000ce cues 89 
Individuals whose highest degrees are in science and engineering: 1993....................000eeuee 89 
Age distribution of scientists and engineers, by level and broad field of degree: 1993................... 90 
RE i OTT TTT TTT eT TT Te eee Te TTT TT ETT rrr TTT Te 90 
Total and scientist/engineer employment, by nongovernment sector: 1990 and 1993................... 91 
Federal scientists and engineers, by primary work activity: 1989-93 ......... 00.00... ccc cece eee ues 94 
Federal scientists and engineers, by age and occupational group: 1989 and 1993..................005. 94 
Py CE GI, PGES HD onc ccc ces seeeeeeesevesesecsccececseceseceees 95 
Median average antiual base salaries of Federal scientists and engineers, by major 

ee eh eek hook bh ehhhheee e508 ee nes ees 0 enseeeeeets 95 
Percent of 1993 U.S. resident doctorates that are foreign born... .. 2.2... 0.000 eee eee eee 95 


Science & Engineering Indicators — 1996 . ae ee «3 


3-15 Selected characteristics of scientists and engineers admitted to the United States on 
permanent visas, by year of admission: 1988-93... 2... 6... ccc cc cee ee eee eee eeeees 96 
3-16 Nonacademic scientists and engineers per 10,000 labor force for selected countries, 
I ici li ei ala ill ila lena n5404016640440408 98 
3-17 | Nonacademic scientists and engineers in selected countries, by sector of employment: 
EE a Ee a Oe ee ee Ey eT Ere TT TT ery 99 
3-18 Scientists and engineers in manufacturing for selected countries: most current year.................. 100 
3-19 Scientists and engineers engaged in R&D, and per 10,000 labor force population, 
I il ea ok eee cceaeenssecs 101 
Chapter 4. Research and Development: Financial Resources and Institutional Linkages 
4-1 Gross domestic product and GDP implicit price deflators: 1960-97................0 0c ccc eee eeee 102 
4-2 Purchasing power parity exchange rates, by selected country: 1981-94............. 0.0.0.0 ce eueues 103 
43 U.S. R&D expenditures, by performing sector and source of funds: 1960-95..............0.....00005- 104 
4-4 National expenditures for total R&D, by source of funds and performer: 1970-95.................000. 107 
4-5 National expeditures for basic research, by source of funds and performer: 1970-95.................. 108 
46 National expenditures for applied research, by source of funds and performer: 1970-95................ 109 
4-7 National expenditures for development research, by source of funds and performer: 1970-1995. ......... 110 
4-8 Total expenditures for industrial R&D (financed by company, Federal, and other funds), 
Nes ae eeeeanenr 111 
4-9 Company and other (except Federal) funds for industrial R&D performance, by industry 
I Re ee ee ee ee Tee ee ee a Ee 113 
4-10 Federal funds for industrial R&D performance, by industry and size of company: 1980-93 .............. 115 
4-11 Manufacturing and nonmanufacturing R&D expenditures: 1970-93 ............ 0.0... ccc eee eee ees 117 
4-12 Concentration of total, Federal, and company and other R&D funds and net sales of 
R&D-performing companies by size of R&D program: 1983-93 ............. 0... cc eee eee ees 118 
4-13. Company and other (except Federal) R&D funds as a percent of net sales in R&D-performing 
manufacturing companies, by industry and size of company: 1983-93 .............. 0.000. c eee eees 119 
4-14 The 100 leading industrial R&D spenders in the United States: 1994..............0 0... cece eee eee 121 
4-15 Small Business Innovation Research awards, by award type and agency: FYs 1983-93 ................. 123 
4-16 Budgetary impact and company claims of the Federal research and experimentation tax credit: 
Dn ¢chistnhitethihsetdcebbesthh ehh bess Chbee bined ec heneddeddebee banad so ees 123 
4-17 Federal obligations for R&D and R&D plant, by agency and character of work: FYs 1980 and 1985-95. ..... 124 
4-18 Estimated Federal obligations for R&D, by selected agency, performer, and character of work: FY 1995 ... 130 
4-19 Federal obligations for R&D, by character of work and performer: FYs 1985-95.................0005. 132 
4-20 Federal R&D obligations for Federal intramural performance, by selected agency: FYs 1980-95.......... 135 
4-21 Estimated Federal obligations for research, by agency and field of science and engineering: FY 1995..... 1.6 
4-22 Federal obligations for basic research, by science and engineering field: FYs 1985-95 ................. 137 
4-23 Federal obligations for applied research, by science and engineering field: FYs 1985-95. ............... 139 
4-24 Federal R&D obligations to federally funded research and development centers, by 
administering sector and selected agency: FYs 1980-95. 2... 0... ce eee eee eee eeee 141 
4-25 Federal obligations for research and development to federally funded research and 
development centers, by individual FFRDC and agency: FY 1993 .............0.0 cece cee eee 143 
4-26 Federal obligations for research and development to federally funded research 
and development centers, by individual FFRDC: FYs 1987-93. .............000000005.0. ewes 145 
4-27 Geographic distribution of U.S. R&D expenditures, by performer and source offunds: 1993. _...... 147 
4-28 R&D performance, gross state product, technology support, and R&D/GSP ratios, by state: 19 ~—=—«......... 149 
429 Federal R&D funding, by budget function: FYs 1980 and 1985-96...................0005. TT 
4-30 Federal basic research funding, by budget function: FYs 1980 and 1985-96 .................. 000005 151 
4-31 National support for health R&D, by performer and source of funds: 1984-94...................0005. 152 
4-32 Distribution of government R&D budget appropriations, by socioeconomic objective: 
i 226. ee tice eed pee REC R EOE EL ORK ESADAD HOS 004606006 0000060000000004 153 
4-33 International R&D expenditures and R&D as a percentage of GDP: 1981-95 ............. 0.00.00 0005. 154 


4-34 International nondefense R&D expenditures and R&D as a percentage of GDP: 1981-95 ................ 155 


Appendix A. Appendix Tables 


International R&D expenditures, by performing sector and source of funds: 1993. .................... 156 
R&D expenditures in the United States, by performing sector and domestic and foreign 

momen al Gente: BORD. BOUT. cd TEE. ... oc occcscdessbececes cntereececcccecesccceveeeerecess 157 
Number of strategic technology alliances, by selected technology: 1980-94..............0......0005. 157 
Distribution of strategic technology alliances between economic blocs, by technology: 1980-94.......... 158 


Percentage of industrial R&D expenditures financed from foreign sources, by selected country: 1980-94 . . 159 
Company-financed R&D performed abroad by U.S. companies and their foreign subsidiaries, 


Re Terr TT TT TTT 160 
R&D expenditures performed for majority-owned foreign affiliates of U.S. parent companies, 

I i a ile ile ee eee 6 0eeh esheets aes 162 
Foreign R&D expenditures in the United States, by industry and country: 1980-93 ................... 163 
R&D expenditures in the United States by majority-owned U.S. affiliates of foreizn companies, 

by industry of affiliate and country of ultimate beneficial owner: 1980 and 1987-93... ................ 164 


Chapter 5. Academic Research and Development: Infrastructure and Performance 


+1 
o-2 
3 
4 
oD 
o-6 
7 
0-8 
+9 
+10 
+11 


12 


+13 
+14 


15 
+16 
+17 
+18 
19 


20 
21 


22 
23 


24 
+25 
3-26 


27 
3-28 


Expenditures for academic basic research, applied research, and development: 1960-95 ............... 165 
Support for academic R&D, by sector: FYs 1960-95... 0... ccc cc cc ec cece wees 166 
Sources of R&D funds at private and public institutions, by sector: 1973, 1983, and 1993 ............... 168 
R&D expenditures at the top 100 academic institutions, by source of funds: 1993 ..................... 169 
Federal and nonfederal R&D expenditures at academic institutions, by field and source of funds: 1993 .... 172 
Expenditures for academic R&D, by field: 1983-93... 0... ccc ccc ccc ccc cece cece cece csees 173 
Federal financing of academic R&D funds, by field: 1973-93...........0.0. 0 cc eee eee eee 175 
Federal obligations for academic R&D, by agency: 1971-95 ... 2... cc eee eee 176 
Federal obligations for academic research, by agency: 1971-95 ............. 02. ccc eee eee 178 
Academic research obligations, by major Federal agencies, percent by S&E field: 1993-95 (average) ..... 180 
Federal academic research obligations, by S&E field, percent provided by major 

ESC ee ee Tee ee en ee ee ere 181 
Square footage of total, new construction, and repair/renovation of academic R&D space, 

CG EE Te Pere ee Ter rere Tee Tere Tee eT TT TTT TTT 182 
Cost of new academic R&D new construction and repair/renovation projects, by field: 1986-95.......... 183 
Amount of funds for new construction and repair/renovation of science and engineering research 

space, by source of funds and type of institutional control: 1986-93...................0.00 cee eee 184 
Distribution of funds for new construction and repair/renovation of science and engineering research 

space, by source of funds and type of institutional control: 1986-93 ...........0..0.0.0. 00. eee. 185 
Percentage of total stock of science and engineering research space, by condition and field: 1988-94... .. 186 
Adequacy of the amount of science and engineering research space, by field: 1988-94................. 186 
Current fund expenditures for research equipment at academic institutions, by field: 1983-93 ........... 187 
Academic employment and R&D activity of doctoral scientists and engineers, 

ee CE, «5 ice cc duces bbbeeeeeeebRseeeeenesesecesceeeceees 189 
Academic doctoral scientists and engineers, by position and employment status: 1973-93 .............. 190 
Full-time S&E graduate students supported by research assistantships, 

ee ee ee ee rer Te 191 
Distribution of graduate research assistants, by field and source of support: 1980-93. ................. 195 
Teaching and research indicators of full-time doctoral science and engineering faculty, 

Sy RIE GTIUENy GRE GD GE I, FI onc cei ic ce ccc eres eecec ccc cece cccccececcsecs 196 
Full-time academic doctoral science and engineering faculty, by field of degree 

a ka oh de hb S 4 ok OS EEE 000066 00 06000060000688 199 
Employment share, and share among researchers, of females, underrepresented minorities, 

ee Sas 0s 55 no 45 809.0660-06040 5b bkeeiks 06050800 60000008 00000000604 200 
Academic employment and R&D activity of doctoral scientists and engineers, by race/ethnicity, 

I 201 
Percentage of academic doctoral scientists and engineers reporting Federal support: 1979-93 .......... 203 


Percentage of Government-supported scientists and engineers who obtained funding from 
en, PED «0 60.6 6.0-5.655060050000460006506600600000 6680800608802 203 


Science & Engineering indicators — 1996 5 


+29 Cumulative age distribution of full-time academic doctoral science and engineering faculty: 1973-93 ..... 204 
530 World articles, by field and subfield: 1981 and 1993 ...........0..0 0.0.00. cee ee eee ees 205 
531 World and U.S. scientific and technical articles, by field: 1981-93 ...........0.0.0 00.0.0... 22002 c cee 206 
5-32 Scientific and technical articles, by country and field: 1981-93 ..........0..0..0. 000.0 ccc ccc eee eee 207 
533 Selected countries’ distribution of scientific and technical literature, by field: 1981-93................. 214 
534 Coauthored and internationally coauthored articles for selected countries: 1981-87 and 1988-93 ......... 221 
535 Patterns of international collaboration in science and engineering research: 1981-87 and 1988-93........ 222 
5-36 Articles in U.S. natural science and engineering journals, by sector and field: 1981-93 ................. 224 
5-37 Intersectoral coauthorship of U.S. natural science and engineering articles: 1981-93. .................. 229 
538  Intersectoral coauthorship of U.S. articles, by selected field groupings: 1981-93. ..................... 232 
539 Sectoral distribution of citations in U.S. scientific and technical articles, by field: 1990-93 .............. 239 
+40 Citations on U.S. patents to U.S. articles, by performer sector and field: 1987-88 and 1993-94 ............ 242 
541 Selected countries’ citations to the international scientific and technical literature, by field: 1991-93 ...... 244 
+42 US. patents awarded to 100 academic institutions with largest 1993 R&D volume 

and other academic institutions: 1969-94. .......000 00... ee ee ee ee eee eee eees 249 
543 Patents granted to U.S. academic institutions, by major utility class: 1969-73 through 1989-94........... 252 


Chapter 6. Technology Development and Diffusion 


6-1 U.S. trade in advanced technology products: 1990-94 .......0.0.0.... 0.0 ccc ce eee eee eee eee 254 
62 US. receipts and payments of royalties and fees associated with affiliated and unaffiliated 
Ee ee ee ee ee er errr TTT TTT 266 
63 U.S. receipts and payments of royalties and license fees generated from the exchange and use 
of industrial processes with unaffiliated foreign residents, by region/country: 1987-93............... 267 
64 R&D performance in United States, by industry: 1981-92 ......... 0.000000 cee eee ee 268 
65 R&D performance in Japan, by industry: 1981-92 ........ 0... . ccc ee cee eee eee weet eens 270 
66 R&D performance in Germany, by industry: 1981-92 ............0... 00 ccc ccc ee eee eee ees 272 
67 US. patents granted, by inventor residence, inventor sector, and year of grant: 1963-93 ................ 274 
68 Patent classes most emphasized by inventors from the United States patenting in the United States: 
re ee rere Ts tt Pere ee) ye er rere 276 
69 Patent classes most emphasized by inventors from Japan patenting in the United States: 
Es +. obs 00 hs 0055086 400040000 0000005) 14 0k ck esa 040 ke' 277 
610 Patent classes most emphasized by inventors from Germany patenting in the United States 
TY 6 een 50000 0050 60606600050000008460004644006s cb ee Khaane 4024004 278 
611 Patent classes most emphasized by inventors from Taiwan patenting in the United States: 
Ss «6 a6 050556000006 004 08 606660000)4004046065408 400 RN 60 460660 279 
612 Patent classes most emphasized by inventors from South Korea patenting in the United States: 
ED. + 2.465 5 400620.64660905658084860RRS4E6 0646004 06r Os 6K EERE EE 60 0 006 04606 08 280 
613 Numbers of U.S. patents granted to foreign inventors, by selected field: 1980-93 ..................05. 281 
614 Technological performance indicators for U.S. patents granted to foreign inventors: 1980-93 ............ 287 
615 Manufacturers use and planned use of certain advanced technologies in the United States: 
ED < +654 & 4h 968 CARESS ERE EDEOEEEERS EES O4NSEE 66446 000 000500.0600856009 00000051 294 
616 High-tech companies formed in the United States: 1980-94.......0 000000000. cc cc ee eee ees 295 
617 Ownership of high-tech establishments operating in the United States, by country of ownership: 1995..... 296 


Chapter 7. Science and Technology: Public Attitudes and Public Understanding 


7-1 PUneee EE GD UPON UES BPO occ ccc cc ccc cccceceeccecceenesecseceveseeseceseses 297 
7-2. Public interest in scientific and technological issues, by sex and level of education: 1995............... 298 
7-3. Public informedness on selected issues: 1979-95... 0.0.0.0... 0. ccc ccc eee eee eee ee eee eee eeees 299 
7-4. _- Public informedness on scientific and technological issues, by sex and level of education: 1995.......... 300 
7-5 Public attentiveness to select issues: 1979-95... 0.0 ce ee eee eee eee eee eee ee ee BOI 


7-10 
7-11 
7-12 
7-13 
7-14 
7-15 
7-16 
7-17 
7-18 


7-19 
7-20 
7-21 
7-22 
7-23 
7-24 


Appendix A. Appendix Tables 


Public attentiveness to scientific and technological issues, by sex and level of education: 1995 .......... 302 
Public understanding of scientific vocabulary and concepts, by sex, level of education, 
EL re 303 
Mean scores on the index Vocabulary of Science Constructs, by education and sex: 1995 ................ 304 
Public understanding of the nature of scientific inquiry: 1995..................2 22. ce cece eee eens 304 
Public understanding of the ozone hole, by sex, level of education, and level of attentiveness: 1995 ....... 305 
Public understanding of acid rain, by sex, level of education, and level of attentiveness: 1995............ 305 
Public understanding of economic terms, by sex, level of education, and level of attentiveness: 1995... ... 306 
Ee 307 
NG Ee TE, ng nc cwwwebccccccceseccceecereseeseseereeeareesesesenesenes 308 
Computer access at home and work: 1983-95. ... 2.2.2.2... ccc eee ee eee eee e en eeees 309 
Computer access at home and work: 1995 ......... 0.0... eee cee ec cee eee eee eee eee eeeeees 310 
Computer access and skills of young adults: 1994............ 0.0.0.2 c ccc ce eee ee eee eee  BLI 
First source of additional information about hole in ozone layer, by sex, level of education, 
I i no i ee hE ES 000004640906 45 086 0bRE 311 
Public confidence in the people running various institutions: 1973-94 ...............00260500 cee eee 312 
Responses to and mean scores on the Attitude Toward Organized Science Scale: 1983-95.............. 313 
Public assessments of scientific research: 1979-95... 0.0.0.0... cece ee ee eee errr rerey 314 
Public assessments of nuclear power (in percentages): 1985-95... 2... eee ee eee 316 
Public assessments of genetic engineering: 1985-95 ........... 0... ee cet e ees 318 


Public assessments of space exploration: 1985-95 .. 0.0.2... ce eee eee eee eeeees 320 


3lA 


Science & Engineering Indicators — 1996 


Appendix table 1-1. 
Mean proficiency scores on the NAEP tests, by subject, age, sex, and race/ethnicity: 1970-1992 
Subject, age, sex, and race-ethnicity 1970 1973 1977 1982 1986 1990 1992 
Science 
17-year-oids, total .......... 305.0 (1.0) 296.0 (1.0) 2895 (1.0) 283.3 (1.2) 2885 (1.4) 2904 (1.1) 294.1 (1.3) 
Sex 
Male.................. 314.0 (1.2) 3040 (1.2) 297.0 (1.2) 2919 (1.4) 2949 (19) 2956 (1.3) 299.1 (1.7) 
Female ................ 297.0 (1.1) 288.0 (1.1) 2822 (1.1) 275.2 (1.3) 2823 (1.5) 285.4 (1.6) 289.0 (1.5) 
Race/ethnicity 
White ................. 312.0 (0.8) 3040 (08) 297.7 (0.7) 293.1 (1.0) 2975 (1.7) 300.9 (1.1) 3042 (1.3) 
rr 258.0 (1.5) 250.0 (1.5) 240.2 (1.5) 234.7 (1.7) 2528 (29) 253.0 (4.5) 256.2 (3.2) 
a NA NA 262.3 (2.2) 248.7 (2.3) 2593 (3.8) 2615 (44) 2702 (5.6) 
13-year-olds, total .......... 255.0 (1.1) 250.0 (1.1) 247.4 (1.1) 250.1 (1.3) 251.4 (1.4) 2552 (0.9) 258.0 (0.8) 
Sex 
Dn cocesesseeeeseee 257.0 (1.3) 252.0 (1.3) 251.1 (1.3) 255.6 (1.5) 256.1 (1.6) 2585 (1.1) 260.1 (1.2) 
0 253.0 (1.2) 247.0 (1.2) 243.7 (1.2) 245.0 (1.3) 246.9 (1.5) 2518(1.1) 256.0 (1.0) 
Race/ethnicity 
White ................. 263.0 (0.8) 259.0 (0.8) 256.1 (0.8) 257.3 (1.1) 2592 (1.4) 264.1 (0.9) 267.1 (1.0) 
Black.................. 215.0 (2.4) 205.0 (2.4) 208.1 (2.4) 217.1 (1.3) 2216 (25) 225.7 (3.1) 224.4 (2.7) 
ee NA NA 213.4 (1.9) 225.5 (3.9) 226.1 (3.1) 2316 (26) 237.5 (2.6) 
9-year-olds, total ........... 225.0 (1.2) 2200 (1.2) 2199 (1.2) 2208 (18) 2243 (1.2) 228.7 (08) 230.6 (1.0) 
Sex 
0 228.0 (1.3) 223.0 (1.3) 222.0 (1.3) 221.0 (2.3) 227.0 (1.4) 230.0 (1.1) 235.0 (1.2) 
Female................ 223.0 (1.2) 218.0 (1.2) 217.6 (1.2) 220.7 (2.0) 221.3 (1.4) 227.1 (1.0) 226.7 (1.0) 
Race/ethnicity 
sawn dedeeteeee et 236.0 (0.9) 231.0 (0.9) 2296 (09) 229.0 (19) 231.9 (1.2) 237.5 (08) 239.1 (1.0) 
0 eee 179.0 (1.9) i770 (1.9) 1748 (1.8) 187.0 (3.0) 1962 (1.9) 1964 (2.0) 200.3 (2.7) 
Miepanic ............... NA NA 191.9 (2.7) 189.0 (4.2) 199.4 (3.1) 2062 (22) 204.7 (2.8) 
Mathematics 
17-year-olds, total .......... 7 —- 3040 (1.1) 3004 (1.0) 2985 (09) 302.0 (09) 3046 (09) 306.7 (0.9) 
Sex 
Re oo be enteeeses.oa - - 309.0 (1.2) 303.8 (1.0) 301.5 (1.0) 304.7 (1.2) 3063 (1.1) 308.9 (1.1) 
Ds nhneeeeereceess - — 301.0 (1.1) 297.1 (1.0) 295.6 (1.0) 299.4 (1.0) 3029 (1.1) 304.5 (1.1) 
Race/ethnicity 
6c ebeeoeceeeeeesos - - $310.0 (1.1) 305.9 (0.9) 303.7 (0.9) 307.5 (1.0) 3095 (1.0) 311.9 (0.8) 
CE +k 65 66 02660:0 006% - - 270.0 (1.3) 268.4 (1.3) 271.8 (1.2) 278.6 (2.1) 288.5 (2.8) 285.8 (2.2) 
Miepanic ............... - —- 277.0 (2.2) 2763 (2.3) 276.7 (1.8) 283.1 (29) 283.5 (29) 292.2 (2.6) 
13-year-olds, total .......... ~ — 266.0 (1.1) 264.1 (1.1) 268.6 (1.1) 269.0 (1.2) 270.4 (0.9) 273.1 (0.9) 
Sex 
rrr rT ere ee 7 —- 265.0 (1.3) 263.6 (1.3) 269.2 (1.4) 270.0 (1.1) 271.2 (1.2) 274.1 (1.1) 
ee - —- 267.0 (1.1) 264.7 (1.1) 268.0 (1.1) 267.9 (15) 2696 (09) 272.0 (1.0) 
Race/ethnicity 
ED «0 02000006008660% - - 274.0 (0.9) 2716 (08) 2744 (1.0) 2736 276.3 (1.1) 278.9 (0.9) 
i» + a o5 6600666646660 - —- 228.0 (1.9) 2296 (1.9) 2404 (16) 2492 49.1 (2.3) 250.2 (1.9) 
Hispanic ............... ~ - 239.0 (2.2) 238.0 (20) 2524 (1.7) 2543 54.6 (1.8) 259.3 (1.8) 
9-year-olds, total........... - - 219.0 (0.8) 2186 (08) 219.0 (1.1) 221.7 229.6 (0.8) 2296 (0.8) 
Sex 
a spéeerccevsceceeee - - 218.0 (0.7) 217.4 (0.7) 217.1 (1.2) 221.7 (1.1) 229.1 (0.9) 230.8 (1.0) 
6665660 002eeese - ~ 220.0 (1.1) 219.9 (1.0) 2208 (1.2) 221.7 (1.2) 230.2 (1.1) 228.4 (1.0) 
Race/ethnicity 
EE wie eekedheeeeeeen - ~ 225.0 (1.0) 2241 (0.9) 224.0 (1.1) 2269 (1.1) 2352 (08) 235.1 (08) 
Pb idushesasesscnens ~ - 190.0 (1.8) 1924 (1.1) 1949 (1.6) 2016 (16) 2084 (22) 2080 (2.0) 
DE bn ont ntncees os - ~ 202.0 (2.4) 2029 (22) 204.0 (1.3) 2054 (2.1) 2138 (2.1) 211.9 (2.3) 
— = NAEP mathematics test not administered in 1970. 
NA = not available 
* Information for this row taken from page 39 of Mullis, et al. 


NOTES. 1970 and 1973 scores are extrapolations from previous NAEP analyses. Standard errors appear in parentheses 


SOURCE: |.V.S. Mullis, JA. Dossey, J.R. Campbell, C.A. Gentile, C. O'Sullivan, and A.S. Latham, NAEP 1992 Trends in Academic Progress, Report No. 23-TRO1 
(Washington, DC: National Center for Education Statistics, 1994). 


See figures 1-1 to 1-6. 
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Appendix table 1-2. 

Levels of mathematics proficiency 

Proficiency Ability 

Level 350 Muitistep probiem solving and 
algebra 

Level 300 Moderately complex proce- 
dures and reasoning 

Level 250 Numerical operations and 
beginning problem solving 

Level 200 Beginning skills and under- 
standing 

Level 150 Simple arithmetic facts 


Studencs at this level can apply a range of reasoning skills to solve multi- 
step problems. They can solve routine probiems involving fractions and 
percents, recognize properties of basic geometric figures, and work with 
exponents and square roots. They can solve a variety of two-step prob- 
lems using variables, identify equivalent algebraic expressions, and 
solve linear equations ahd inequalities. They are developing an under- 
Standing of functions and coordinate systems. 


Students at this level are developing ari understanding of number sys- 
tems. They can compute with decimals, simple fractions, and commonly 
encountered percents. They can identify geometric figures, measure 
lengths and angles, and ca'culate areas of rectangles. These students 
are also able to interpret simple inequalities, evaluate formulas, and soive 
simple linear equations. They can find averages, make decisions on 
information draw’. from graphs, and use logical reasoning to solve prob- 
lems. They are developing the skills to operate with signed numbers, 
exponents, and square roots. 


Students at this level have an initial understanding of the four basic oper- 
ations. They are able to apply whole number addition and subtraction 
skills to one-step word problems and money situations. In multiplication, 
they can find the product of a two-digit and a one-digit number. They 
can also compare information from graphs and charts, and are develop- 
ing an ability to analyze simple logical relations. 


Students at this level have considerable understanding of two-digit num- 
bers. They can add two-digit numbers, but are still developing an ability 
to regroup in subtraction. They know some basic multiplication and 
division facts, recognize relations among coins, cari read information 
from charts and graphs, and use simple measurement instruments. 
They are developing some reasoning skills. 


Students at this ievel know some basic addition and subtraction facts, and 
most can add two-digit numbers without regrouping. They recognize sim- 
ple situations in which addition and subtraction apply. They also are 
developing rudimentary classification skills. 


SOURCE: i.V.S. Mullis, J A. Dossey, J.R. Campbell, C_A. Gentile, C. O'Sullivan, and A.S. Latham, NAEP 1992 Trends in Academic Progress, Report No. 23-TR01, 


(Washington, DC: National Center for Education Statistics, 1994). 
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Level 300 


Level 250 


Level 200 


Level 150 


Analyzes scientific 
procedures and data 


Applies genera! 
scientific information 


Knows everyday science facts 


Students at this level can infer relationships and draw 
conclusions using detailed scientific knowledge from the 
physical sciences, particularly chemistry. They also can 
apply basic principles of genetics and interpret the social 
implications of research in this fieid. 


Students at this level can evaluate the appropriateness of the 
design of an experiment. They have more detailed scientific 
knowledge. and the skill to apply their knowledge in 
interpreting information from text and graphs. These students 
also exhibit a growing understanding of principles from the 


Students at this level can interpret data from simple tables 
and make inferences about the outcomes of experimental 
procedures. They exhibit knowledge and understanding of 
the life sciences, including a familiarity with some aspects of 
animal behavior and of ecological relationships. These 
students also demonstrate some knowledge of basic 
information from the physical sciences. 


Students at this level are developing some understanding of 
imple scientific principles, particularly in the life sci 
For example, they exhibit some rudimentary knowledge of the 
structure and function of plants and animais. 


Students at this level know some general scientific facts of the 
type that could be learned from everyday experiences. They 
characteristics of animals, and predict the operation of familiar 
apparatus that work according to mechanical principles. 


SOURCE: |.V.S. Mullis, JA. Dossey, J.R. Campbell, C.A. Gentile, C. O'Sullivan, and A.S. Latham, NAEP 1992 Trends in Academic Progress, Report No. 23-TRO1 
(Washington, DC: National Center for Education Statistics, 1994). 
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Appendix tabie 1-4. 

Background and description of the mathematics content areas 

Content area Description 

Numbers and operations This content area focuses on students’ understanding of numbers (whole numbers, fractions, 


Gecimais, and integers) and their application to real-worid situations, as well as computational 
and estimation situations. Understanding numerica! relationships as expressed in ratios, 
proportions, and percents is ernphasized. Students’ skills in estimation, mental computation, 
use of calculators, generalization of numerical patterns, and verification of results are also 
included. 


Measurement This content area focuses on students’ ability to describe real-world objects using nurnbers. 
Students are asked to identify attributes, select appropriate units, appiy measurement 
concepts, and communicate measurement-related ideas to others. Questions are included that 
require an ability to read instruments using metric, customary, or nonstandard units with 
emphasis on precision and accuracy. Questions requiring estimation; measurements; and 
applications of measurements of iength, time, money, temperature, mass/weight, area, volume 


Geometry This content area focuses on students’ knowledge of geometric figures and relationships and 
on their skills in working with this knowledge. These skills are important at ali leveis of 
schooling as well as in practical applications. Students need to be able to model and visualize 
geometric figures in one, two, and three dimensions and to communicate geometric ideas. in 
addition, students should be abie to use informal reasoning to estabiish geometric 


tonhion 
Mata analysis, statistics, This content area focuses on data representation and analysis across ail disciplines and 
‘ 1d probability reflects the importance and prevalence of these activities in our society. Statistical knowledge 


and the ability to interpret data are necessary skills in the contemporary world. Questions 
emphasize appropriate methods for gathering data, the visual exploration of data, and the 
development and evaluation of arguments based on data analysis. 


Aigebra and functions This content area is broad in scope, covering a significant portion of the grade 9-12 curriculum, 
including algebra, elementary functions (precaiculus’, trigonometry, and some topics in discrete 
mathematics. For the fourth grade, and in part, at gr ide 8, algebraic and functionay concepts 
are treated in more informal, exploratory ways. Proficiency in this content area requires both 
manipulative facility and conceptual understanding; it involves the ability to use algebra as a 
means of representation and to use aigebraic skills and concepts as problem-solving tools. 
Functions are viewed not only in terms of algebraic formulas, but also in terms of verbal 
descriptions, tables of values, and graphs. 


Estimation Estimation involving whole numbers, fractions, and decimais pervades most of the content 
areas in mathematics. Presented using a paced-audiotape procedure, questions assess 
students’ abilities to make estimates appropriate to a wide variety of situations. Estimates take 
into consideration such factors as knowing when to estimate and whether to overestimate or 
underestimate in a particular problem. 


SOURCE: |.V.S. Mullis, J.A. Dossey, J.R. Campbell, C.A. Gentile, C. O'Sullivan, and A.S. Latham, NAEP 1992 Trends in Academic Progress, Report No. 23-TRO1 
(Washington, OC: National Center for Education Statistics, 1994). 


See figure 1-7 
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Appendix table 1-5. 

iAEP mathematics scores for selected countries at 5th percentile, mean, and 95th percentile, 

by age: 1991 

Age and country 5th Percentile Mean (average) 95th Percentile 
Age 13 

Korea . 33.3 (2.8) 73.4 (0.6) 97.3 (1.9) 
Taiwan .......... 26.7 (0.6) 72.7 (0.7) 98.7 (0.0) 
Switzeriand...... 427 (08) 708 (1.3) 947 (0.0) 
Soviet Union ....... 35.2 (1.4) 70.2 (1.0) 94.7 (0.0) 
Hungary .......... 32.4 (23) 68.4 (0.8) 96.0 (0.0) 
France . 30.7 (0.8) 64.2 (0.8) 92.0 (5.3) 
Italy... . 32.4 (1.5) 64.0 (0.9) 91.8 (0.5) 
Israel... .......... 30.7 (9.9) 63.1 (0.8) 90.7 (0.0) 
Canada..... 32.0 (0.0) 62.0 (0.6) 918 (4.3) 
Scotiand........ 29.0 (3.9) 60.6 (0.9) 90.7 (0.0) 
weland............ 26.8 (1.7) 60.5 (0.9) 90.7 (0.0) 
Siovenia 27.1 (4.4) 57.1 (0.8) 88.0 (2.6) 
Spain. ........... 28.6 (0.5) 55.4 (0.8) 84.7 (1.3) 
United States......... 24.0 (0.6) 55.3 (1.0) 90.7 (0.1) 
Age 9 

Korea .. 41.0 (2.8) 748 (0.6) 95.1 (0.0) 
Hungary 33.3 (1.5) 68.2 (0.6) 93.4 (0.0) 
Taiwan ..... 32.1 (4.6) 68.1 (0.8) 95.1 (0.0) 
Soviet Union ............... 30.6 (1.0) 65.9 (1.3) 93.4 (2.3) 
DEcebi Sete bekeceneneoenes 304 (28) 64.4 (0.7) 91.8 (0.0) 
a hs 46 26.8 (1.8) 61.9 (1.0) 90.2 (2.4) 
treland. 246 (0.4) 60.0 (0.8) 90.2 (0.0) 
rr 28.3 (2.5) 59.5 (0.5) 88.5 (0.0) 
United States 24.6 (0.0) 58.4 (1.0) 90.2 (2.3) 
Slovenia . 27.7 (1.8) 55.8 (0.6) 84.5 (0.0) 


NOTE. Standard errors appear in parentheses 


SOURCE: J.A. Dossey, et al. Mathematics: How do U S. students measure up? (Princeton, NJ: Educational Testing Service, 1994) 


See figure 1-6 
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Appendix table 1-6. 

\AEP science scores for selected coun.ies at 5th percentile, mean, and 95th percentile, 

by age: 1991 

Age and country 5th Percentile Mean (average) 95th Percentile 
Age 13 

Korea 50.0 (48) 775 (05) 95.8 (0.0) 
Tarwan 43.1 (1.4) 756 (04) $5.8 (0.0) 
Switzerland 50.0 (0.7) 73.7 (09) 944 (0.0) 
Hungary 458 (16) 73.4 (0.5) 944 (0.0) 
Soviet Union 444 (22) 71.3 (1.0) 93.1 (3.1) 
Slovenia 444 (00) 70.3 (0.5) 91.7 (0.0) 
Italy 444 (00) 699 (0.7) 91.7 (0.0) 
israel 424 (28) 69.7 (07) 91.7 (0.0) 
Canada 43.1 (0.0) 688 (0.4) 90.3 (1.0) 
France 403 (14) 686 (056) 91.7 (0.0) 
Scotiand 38.9 (1.2) 679 (06) 91.7 (0.0) 
Spain 43.5 (0.7) 675 (06) 88.9 (0.0) 
United States 40.3 (4.9) 67.0 (1.0) 91.7 (0.0) 
ireland 36.1 (0.8) 63.3 (0.6) 88.9 (0.0) 
Age 9 

Korea 448 (04) 67.9 (05) 87.9 (0.0) 
Taiwan 39.7 (0.0) 66.7 (0.5) 89.7 (0.0) 
United States 36.2 (1.7) 64.7 (0.9) 87.9 (0.0) 
Canada 37.9 (1.1) 628 (0.4) 84.5 (0.0) 
Hungary 38.5 (0.7) 62.5 (0.5) 842 (2.9) 
Spain 36.2 (0.0) 61.7 (0.7) 845 (0.0) 
Soviet Union 39.7 (1.5) 615 (1.2) 86.2 (2.4) 
israel 32 (14) 61.2 (0.7) 86.2 (0.0) 
Slovenia 35.1 (0.2) 57.7 (0.5) 79.0 (0.0) 
ireland 29.3 (1.6) 56.5 (0.7) 81.0 (1.8) 


NOTE Standard errors appear in parentheses 
SOURCE. RW. Bybee. et al. Science Measuring U S Students’ Success (Princeton, NJ: Educational Testing Service, 1994) 
See figure 1-9 
Science & Engineering indicators - 1996 


Science & Engineering Indicators — 1996 Sat RT es RD Pe REIS . -_s 


Appendix table 1-7. 
Mean score of 8th-grade public school students on the NAEP mathematics test, by state, race/ethnicity, 
and percentage of persons age 25 and over with high school diploma: 1992 


Average proficiency score 
Percentage of adults 
State All White Black Hispanic with diploma 
I hal ie inns oe ee ele 251 (1.7) 264 (1.4) 231 (2.2) 220 (5.3) 66.9 
i de ak Ahlen eesti eee 265 (1.3) 275 (1.1) 251 (3.4) 247 (2.7) 78.7 
«++ ae tet hwesadeaee 255 (1.2) 265 (1.0) 230 (1.9) 228 (4.1) 66.3 
EE os eh cho hen tee ees 260 (1.7) 276 (1.9) 233 (3.6) 240 (2.0) 76.2 
EE 272 (1.1) 278 (1.0) 241 (4.4) 254 (1.7) 84.4 
Conmectiont. .........0.0005. 273 (1.1) 283 (0.9) 242 (2.9) 241 (2.4) 79.2 
I 262 (1.0) 272 (1.0) 241 (1.8) 239 (3.4) 775 
District of Columbia ........... NA NA - - 233 (0.9) 225 (3.8) NA 
She wees ne 08 ee eed 259 (1.5) 273 (1.3) 236 (2.3) 245 (2.5) 74.4 
ey ee 259 (1.2) 270 (1.3) 241 (1.3) 233 (5.5) 70.9 
0 ee 257 (0.9) 265 (1.6) - - 238 (2.2) 80.1 
MG bch csweennéehes 4ats 274 (0.8) 277 (0.8) ~ ~ 253 (2.3) 79.7 
PT + tae Jicne ot ody 6-0 Oded 269 (1.2) 273 (1.2) 243 (2.6) 249 (4.6) 75.6 
SD tile a: ante © 6 eae eide oe 283 (1.0) 284 (1.0) - - 261 (3.8) 80.1 
EL Ss hina h aoe ene’ 261 (1.1) 264 (1.1) 241 (2.6) 231 (4.6) 64.6 
ES ee rey ree 249 (1.7) 263 (1.7) 232 (2.2) 228 (3.5) 68.3 
A ee 278 (1.0) 279 (1.0) ~ - - - 78.8 
I ins dint Aatrke s wa eos 264 (1.3) 278 (1.5) 239 (2.0) 240 (3.3) 78.4 
Ee 272 (1.1) 277 (1.1) 243 (5.0) 240 (3.4) 80.0 
66s 4 044 eed ebada’s 267 (1.4) 276 (1.5) 232 (1.8) 248 (4.0) 76.8 
Ss viti nee dos be ache 282 (1.0) 284 (1.0) - - 253 (3.8) 82.4 
pete eee eee obo 246 (1.2) 262 (1.4) 230 (1.4) 223 (3.1) 64.3 
ee 270 (1.2) 275 (1.0) 241 (2.9) 251 (4.2) 73.9 
ea ees ot 6% 6-068 Y 277 (1.1) 281 (1.1) 236 (4.7) 254 (3.1) 81.8 
New Hampshire.............. 278 (1.0) 278 (0.9) - - 258 (5.1) 82.2 
New Jersey................. 271 (1.6) 283 (1.4) 242 (2.7) 247 (3.5) 76.7 
New Mexico ................ 259 (0.9) 272 (1.2) 239 (3.1) 248 (1.1) 75.1 
hs dnd to Ha 444s 266 (2.1) 279 (1.1) 232 (4.5) 243 (4.8) 748 
North Carolina............... 258 (1.2) 266 (1.0) 238 (1.7) 238 (4.7) 70.0 
ee 283 (1.2) 284 (1.2) - - - - 76.7 
chs h4 0444 b4444 45-02 267 (1.5) 274 (1.4) 234 (2.3) 245 (4.6) 75.7 
ls + ii he 48 4 40-4 4s 267 (1.2) 272 (1.0) 238 (3.0) 252 (3.2) 74.6 
Pennsylvania................ 271 (1.5) 276 (1.1) 237 (4.6) 246 (3.9) 74.7 
ED 665 6.404 nated eke 265 (0.7) 271 (0.9) 240 (2.9) 232 (2.7) 72.0 
oe 260 (1.0) 273 (1.1) 241 (1.0) 233 (2.6) 68.3 
ES + 44.44 080.  0bo0es 258 (1.4) 266 (1.1) 234 (2.4) 227 (4.8) 67.1 
PLS héneheneseedeve cs 04 264 (1.3) 279 (1.6) 243 (2.0) 248 (1.2) 72.1 
SEPP ST ee re rere eT Te 274 (0.7) 276 (0.8) - - . 253 (2.3) 85.1 
eres re Tee 267 (1.2) 275 (1.1) 244 (1.9) 254 (4.0) 75.2 
ee 258 (1.0) 260 (1.0) 243 (3.7) 230 (4.9) 66.0 
Ee 277 (1.5) 282 (1.2) 246 (6.8) 246 (4.0) 78.6 
Pe eee ee eee 274 (0.9) 277 (0.8) - - 257 (2.1) 83.0 


— = sample size less than 30; NA = not available 
NOTES: Standard errors appear in parentheses. Participation in the State NAEP was voluntary; those states which did not participate are not shown. 


SOURCE: National Center for Education Statistics, Data Almanac: NAEP’s 1992 Assessment in Mathematics [CD-ROM] (Princeton, NJ: Education Testing Service 
[Producer]; Washington, DC: U.S. Department of Education [Distributor], 1993). 


See figures 1-10 to 1-14. 
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Appendix table 1-8. 
Percent of high school graduates earning minimum credits in mathematics courses, 
by sex and race/ethnicity: 1982-1992 


Course Year Total Male Female White Black Hispanic 
Any mathematics........ 1982 99.0 99.4 98.7 99.1 99.6 98.6 
1987 99.4 99.3 (0.2) 99.4 (0.1) 99.3 (0.2) 99.5 (0.2) 99.4 (0.2) 
1990 99.6 99.4 (0.2) 99.7 (0.1) 99.7 (0.1) 98.7 (0.7) 99.8 (0.2) 
1992 99.6 99.3 99.9 99.7 99.1 99.8 
Aigebral.............. 1982 68.4 66.4 70.4 71.1 61.1 59.9 
1987 76.3 (0.8) 75.3 (0.9) 77.2 (0.9) 77.7 (1.1) 70.7 (1.2) 73.1 (1.6) 
1990 77.3 (1.2) 75.6 (1.2) 78.8 (1.4) 77.2 (1.4) 77.6 (2.1) 81.4 (2.1) 
1992 79.4 80.0 78.9 79.6 78.0 84.4 
Geometry............. 1982 48.4 48.3 48.5 53.9 30.3 29.0 
1987 61.5 (0.9) 61.2 (1.2) 61.7 (1.0) 65.1 (1.2) 44.0 (1.9) 40.2 (1.7) 
1990 64.7 (1.3) 63.9 (1.5) 65.4 (1.3) 67.2 (1.4) 56.3 (2.7) 54.4 (2.8) 
1992 70.4 69.0 71.7 72.6 60.4 62.9 
Algebrall............. 1982 36.9 37.5 36.3 40.5 26.2 22.5 
1987 47.1 (1.8) 45.8 (1.9) 48.4 (1.9) 51.9 (1.9) 32.4 (1.5) 30.2 (2.0) 
1990 49.2 (1.4) 47.8 (1.5) 50.5 (1.5) 52.4 (1.7) 39.0 (2.9) 38.6 (2.7) 
1992 56.1 54.0 58.1 59.2 40.9 46.9 
«Trigonometry........... 1982 12.2 13.3 11.2 13.8 6.3 6.8 
1987 19.0 (1.5) 20.3 (1.8) 17.8 (1.4) 20.9 (1.8) 10.9 (1.1) 9.9 (0.9) 
1990 18.4 (1.3) 18.4 (1.4) 18.3 (1.3) 19.6 (1.4) 14.1 (1.9) 11.0 (1.5) 
1992 21.1 21.4 20.8 22.5 13.0 15.2 
Cofowius.............. 1982 43 4.7 4.0 5.0 1.4 1.6 
1987 6.2 (0.4) 7.7 (0.6) 4.7 (0.4) 5.9 (0.4) 2.3 (0.4) 3.6 (0.7) 
1990 6.6 (0.5) 7.7 (0.6) 5.6 (0.4) 7.0 (0.5) 2.8 (0.5) 3.9 (0.7) 
1992 10.1 10.3 9.8 10.7 6.9 4.7 


NOTES: Standard errors appear in parentheses. Standard errors are not available for 1982 and 1992. Because of the use of a different editing procedure, the statis- 
tics shown for 1982 differ slightly from previously published figures. Credits are measured in Carnegie Units. 


SOURCES: S. Legum, et al. The 1990 high school transcript study tabulations. Comparative data on credits earned and demographics for 1990, 1987, and 1982 high 
school graduates, NCES 93-423 (Washington, DC: National Center for Education Statistics, 1993); T.M. Smith, et al. The condition of education, 1994, NCES 94-149 
(Washington, DC: National Center for Education Statistics, 1994). 


See figures 1-15 and 1-16 
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Percent of high schoo! graduates earning minimum credits in science courses, by sex and race/ethnicity: 1982-1992 


Course Total Male Female White Black Hispanic 
Anyscience |  1982................ 97.6 97.5 97.7 97.7 98.6 95.9 
ot ash cae ace os ace cee 98.7 98.4 (0.4) 99.0 (0.3) 98.7 (0.4) 98.7 (0.4) 98.5 (0.6) 
he ae i aie bh wen cae 99.4 99.2 (0.3) 99.7 (0.1) 99.5 (0.2) 99.0 (0.7) 99.3 (0.3) 
A ie os ee ob he 99.6 99.5 99.7 99.5 100.0 99.7 
ee 60d WCC eee eee eesees 78.7 76.5 80.6 80.1 75.3 73.2 
Se eee ee a a he 88.3 (0.9) 87.0 (1.2) 89.7 (0.7) 89.2 (1.0) 86.2 (1.7) 85.4 (1.7) 
sp aanet aie eee a 91.6 (0.9) 90.4 (1.0) 92.7 (0.9) 92.0 (1.0) 91.0 (2.3) 90.3 (1.4) 
| wee ee betmadeee 93.0 91.9 94.2 93.5 92.2 91.2 
Chemisty = 1982................ 31.6 32.4 30.9 34.7 22.5 16.7 
i a ude eeee-erew eae 44.8 (1.1) 45.9 (1.3) 43.7 (1.2) 47.7 (1.2) 29.8 (1.7) 29.4 (1.5) 
Seen eeeenmen ae 49.6 (1.3) 48.8 (1.4) 50.4 (1.4) 52.3 (1.4) 40.3 (2.2) 38.8 (2.8) 
Se dadkaa-m eh eee ae 55.5 54.2 56.8 58.0 45.9 426 
st @ 8 qh ¢2¢--e—peg¢eeegee 13.5 17.9 94 15.3 6.8 5.5 
S occaar b ke nee ae 19.5 (0.9) 24.6 (1.0) 14.8 (0.9) 20.9 (1.0) 10.1 (1.1) 9.8 (1.1) 
yp ee eer 21.5 (0.8) 25.5 (0.9) 17.8 (0.9) 23.1 (0.9) 14.5 (1.9) 13.0 (1.3) 
Fae re ee ee 24.7 28.2 21.4 25.9 17.6 15.7 


NOTES: Standard errors appear in parentheses. Standard errors are not available for 1982 and 1992. Because of the use of a different editing procedure, the statis- 
tics shown for 1982 differ slightly from previously published figures. Credits are measured in Carnegie Units. 


SOURCES: S. Legum, et al. The 1990 high school transcript study tabulations: Comparative data on credits earned and demographics for 1990, 1987, and 1982 high 
school graduates, NCES 93-423 (Washington, DC: National Center for Education Statistics, 1993); T.M. Smith, et al. The condition of education, 1994, NCES 94-149 


(Washington, DC: Nationa! Center for Education Statistics, 1994) 
See figures 1-15 and 1-17. 
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Appendix table 1-10. 
Average number of mathematics and science courses compieted in 
high school, by sex, race/ethnicity, and socioeconomic status: 1992 


Sex, race/ethnicity, 


or socioeconomic status Mathematics Science 
Overall ...... 2.2.2.0. een. 2.81 (0.03) 2.58 (0.03) 
Male...................05.. 2.81 (0.05) 2.57 (0.04) 
Female...................0-. 2.81 (0.03) 2.58 (0.03) 
Asian ................00005. 3.25 (0.07) 3.04 (0.10) 
CR. + 6000-9 0004000600004 2.51 (0.08) 2.15 (0.05) 
rae 2.57 (0.09) 2.35 (0.09) 
ER te tte eaneetsne tnt 2.89 (0.04) 2.66 (0.03) 
Native American ............. 1.95 (0.22) 2.13 (0.15) 
Sotioeconomic status quartile 

ER EPO T 2.13 (0.05) 1.94 (0.05) 
se 2.62 (0.04) 2.35 (0.04) 
2.97 (0.04) 2.74 (0.04) 
«EP EEREREE EEE Eee 3.46 (0.05) 3.21 (0.04) 


NOTE: Standard errors appear in parentheses. 


SOURCE: T. B. Hoffer, K.A. Rasinski, and W. Moore. Social Background Difte rences in High 
School Mathematics and Science Coursetaking and Achievement, NCES 95-206 (Washington, 
DC: National Center for Education Statistics, 1995). 
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Appendix table 1-11. 


1988-1992 achievement gain in mathematics and science, by number of courses completed and 


sex and race/ethnicity: 1992 


Number of 
Sex or race/ethnicity courses completed 


Mathematics gain 


Science gain 


Overall overall 


Sex 
Male overall 
Female overall 
Race/ethnicity 
White overall 
Black overall 
Hispanic overall 
Asian overall 


“eee eee eneee 


“eee eee ennee 


“eee eee eeene 


“ee eew eee eee 


_*e ee ee eee 


“eee ee ennne 


“see e eee eeve 


“eee eee wenwnene 


“eee ee ewe wwe 


“eevee e eee ee 


“eevee eeeeneese 


“ee new ennenne 


“see eee eene 


“see eee eenene 


“ee enn enenne 


“see ee ee eee 


“ese ee eee eee 


“eve eveveenene 


“eee eee eeee 


“ev eeenenennene 


ceeevee ee eee 


“see nee ennene 


“er eeereeenee 


“eee eee enwnne 


“eee eee wewne 


eee eee wwne 


'e ee ee ee eee 


“ee ee eee enne 


“ese ee ewe nene 


“ee ee ee ewne 


ee eee eens 


“eet eee eevnane 


“evreeeneeevene 


eeeeeeeeee © 


11.6 (0.172) 
5.6 (0.658) 
6.1 (0.492) 
8.6 (0.303) 
11.0 (0.309) 
14.4 (0.284) 
15.4 (0.488) 


12.0 (0.271) 
6.1 (1.052) 
6.0 (0.702) 
9.3 (0.477) 
11.2 (0.585) 
15.0 (0.356) 
15.8 (0.561) 
11.1 (0.189) 
5.1 (0.614) 
6.2 (0.633) 
7.9 (0.309) 
10.8 (0.259) 
13.7 (0.413) 
14.9 (0.924) 


11.9 (0.189) 
5.8 (1.016) 
6.0 (0.642) 
9.0 (0.364) 
11.4 (0.248) 
14.4 (0.335) 
15.3 (0.476) 
9.6 (0.697) 
4.2 (0.731) 
5.5 (0.968) 
7.2 (0.668) 
8.5 (1.634) 
12.7 (0.723) 
16.5 (2.025) 
11.1 (0.437) 
5.2 (0.981) 
7.0 (1.102) 
7.9 (0.740) 
11.0 (0.581) 
14.8 (0.927) 
14.4 (1.775) 
13.8 (0.683) 


7.1 (1.833) 
11.9 (1.099) 
16.6 (0.625) 
16.4 (0.817) 


4.3 (0.080) 
2.8 (0.393) 
3.3 (0.281) 
3.4 (0.141) 
4.5 (0.147) 
5.4 (0.141) 
6.0 (0.290) 


4.9 (0.108) 
3.3 (0.594) 
4.0 (0.451) 
4.1 (0.230) 
4.9 (0.147) 
5.9 (0.178) 
6.4 (0.272) 
3.7 (0.114) 
2.1 (0.409) 
2.4 (0.324) 
2.6 (0.141) 
4.1 (0.244) 
4.9 (0.212) 
5.5 (0.446) 


4.7 (0.091) 
3.2 (0.423) 
3.4 (0.349) 


-3.9 (0.149) 


4.8 (0.173) 
5.6 (0.148) 
6.0 (0.330) 
2.6 (0.238) 
1.2 (0.551) 
1.8 (0.342) 
2.9 (0.282) 
4.2 (0.677) 
3.6 (0.191) 
1.4 (0.674) 
3.6 (0.597) 
3.0 (0.395) 
4.2 (0.230) 
4.6 (0.356) 
4.9 (1.024) 
5.3 (0.323) 


4.1 (0.867) 
4.5 (0.522) 
6.2 (0.300) 
6.9 (0.395) 


— = groups with 30 or fewer students 


SOURCE: S.J. ingels, K.L. Dowd, J.D. Baldridge, J.L. Stipe, V.H. Bartot, and M.R. Frankel, NELS: 88 Second Follow-up: Student 
Component Data File User's Manual, NCES 94-374 (U.S. Department of Education, National Center for Education Statistics, 1995) 


NOTE: Standard errors appear in parentheses. 


See figures 1-18 to 1-20. 
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Appendix table 1-12. 


Mean mathematics 1990-1992 achievement score gain by achieve- 


ment level of class and emphasis on higher order 
thinking skills 


Achievement level and emphasis Mean achievement 
on higher order thinking score gain 
Total 
i: +534060 654006 6400060 00000060000N Cs RKO 5.371 (0.156) 
SD o4:0.5 0560660500 00000660000006040805064K008 1.997 (0.874) 
Sn ten can eewh ba dhe esenhsnenbee 64%0005etener 4.408 (0.368) 
ED -¢ 55:0 566.6006006000666006000080090066082 5.281 (0.279) 
ED 0450600 65 660004610 406000%0 n4RE00400 0004 5.633 (0.192) 
Below-average 
(level 1) 
in s4 55:65. a0 ub 6 400k 9480 ¥0 She bs 406d 49088604 4.276 (0.304) 
SR 6 5004 6045-4665 50.00086950000000600500000004 2.348 (1.006) 
SL esd oe ChE US 6O9400500S CER eSbE INC EARED ST 4.341 (0.654) 
ED 5 5.05-00660060 40600500006000000 40608060 4.042 (0.366) 
MED 69.4.0 4.6000 200400400000000006600060800080% 4.857 (0.761) 
Average 
(level 2) 
RS on 6.0 no ce eh6b6 Ob E006 Sse hbbb0ehShoheseees 5.610 (0.288) 
SE 6 0.60 € 0466646040 00009806604060400400090004 0.848 (1.747) 
SE 65046000066 66640000000006060046604080065 4.744 (0.492) 
EEE 09664040 440ON5 4656050090665 5000000001 5.537 (0.512) 
DEED Geeecceeensecenseseseuseeaceeeececeseses 5.857 (0.314) 
Above-average 
(level 3) 
Sy © 04.000 6006000000000660046000000860000008 5.494 (0.192) 
MEE 6h 66.0000806600066066060625000006680008020 - - 
SEE 3.6.40 60600 6646600600000660000860600000808 3.781 (0.732) 
DE 696.066 60650 06006000460600060000600060 5.492 (0.323) 
ME 0) 55046044 06nbeehini et eeeieeerebeesaens 5.581 (0.259) 
— = no gain 


NOTE: Standard errors appear in parentheses. 


SOURCE: S.J. Ingeis, K.L. Dowd, J.D. Baldridge, J.L. Stipe, V.H. Bartot, and M.R. Frankel, NELS 


88 Second Follow-up: Student Component Data File User's Manual, NCES 94-374 (US 


Department of Education, National Center for Education Statistics, 1995). 
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Percentage of students who used a computer at school or at home, by selected characteristics: October 1984, 1989, and 1993 


Current education level, Used a computer Used a computer Used a computer 
race/ethnicity, and family income level Year at schoo! at home at home or at school 
Grades 1-12, total 1984............ 28.5 12.0 38.0 
1989............ 45.6 19.8 53.7 
1993............ 59.0 27.8 68.1 
Grades 1-6, tota! 1984............ 31.3 12.1 37.2 
1989............ 54.1 16.6 58.5 
1993............ 69.7 24.1 74.0 
White 1984............ 36.4 14.8 43.4 
aos 66eeeecte 60.6 20.9 66.3 
1993............ 749 30.5 80.1 
Black 1984............ 16.6 5.3 10.0 
1989............ 36.0 6.2 37.9 
1993............ 56.6 8.7 59.1 
Hispanic 1984............ 16.9 3.6 19.1 
1989............ 425 5.2 43.7 
1993............ 57.8 7.1 59.6 
Low income 1984............ 19.1 25 20.6 
1989............ 40.9 3.3 42.0 
1993............ 59.8 4.0 60.5 
Middle income eee 30.2 10.0 35.4 
1989............ 54.0 13.6 58.1 
1993............ 69.1 18.8 72.6 
High income Pee 43.4 25.0 64.5 
1989............ 64.4 34.6 73.0 
is «6060000082 78.4 51.4 87.3 
Grades 7-12, total 1984............ 30.7 14.3 38.5 
n.266-¢eeenees 47.0 23.0 57.0 
Ms oc ceraceces 61.2 29.7 70.4 
White 1984......... 33.6 17.1 43.0 
1989.......... 49.0 27.6 61.0 
1993............ 63.5 37.0 748 
Black 1984............ 20.0 5.4 22.6 
1989............ 418 97 45.4 
1993... ......... 66.1 11.1 58.3 
Hispanic eee 22.9 3.9 26.1 
1989............ 38.9 10.2 43.3 
1993............ 56.7 10.2 60.5 
Low income iin sbedcsstesesc 21.8 3.6 24.3 
1989............ 42.3 6.6 449 
1993............ 53.3 6.1 548 
Middle income 1984............, 30.2 10.8 36.7 
re 46.3 18.4 64.3 
1993............ 61.2 23.7 68.4 
High income 1984........ 35.8 26.1 50.4 
Se 50.9 41.3 68.9 
0 Fee 65.5 55.3 83.0 


NOTE: Low wicome is the bottom 20 percent of ali family incomes; high income is the top 20 percent of all family incomes, and middie income is the 60 percent in- 


between 


SOURCE: US. Department of Commerce, Bureau of the Census, October Current Population Surveys, unpublished tabulations 


See figure 1-22. 
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Appendix A. Appendix Tables 


Total amount of time mathematics teachers spent on in-service education in mathematics dur- 


ing previous 12 months: 1986 and 1993 


Graderange 
Year Amount of time 1-6 7-9 10-12 
1986 ithe nko nenneneéaeeeen 43 (2.0) 31 (2.8) 35 (2.6) 
Less than6hours ................... 33 (1.9) 27 (2.7) 19 (2.2) 
CL. «os oneeegecsheseseseeees 16 (1.5) 23 (2.5) 22 (2.3) 
16-35 hours ...............2000000ee 5 (0.9) 12 (1.9) 14 (1.9) 
More than 35 hours .................. 3 (0.7) 8 (1.6) 9 (1.6) 
1993 EE ee 33 (3.2) 20 (2.4) 19 (3.1) 
Less than6hours ................... 32 (2.4) 32 (3.6) 25 (1.9) 
6-15 hours ................2cc ee eeee 21 (1.8) 26 (2.5) 31 (2.9) 
16-35 hours .... 2.2.0... eee ee 8 (0.9) 11 (1.6) 14 (1.7) 
More than 35 hours .................. 6 (1.2) 10 (1.2) 11 (1.2) 


NOTE: Standard errors appear in parentheses. 


SOURCE: |.R. Weis, M.C. Matti, and P.S. Smith, Report of the 1993 National Survey of Science and Mathematics Education 


(Chapel Hill, NC: Horizon Research, inc., 1994). 
See figure 1-32. 
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Appendix table 2-1. 
Ratio of total first university degrees and S&E degrees to the 24-year-old population by region/couritry: 1992 or most 


current year 
All | Degree fields ee 24-year-oldS a 
first univ. Natural Social Total With first With NS&E With soc. sci. 
Region/country degrees sciences‘ sciences® Engineering number univ.degrees degrees degrees 
———————————— aniber — ——_————__ a— = 
Asia 
Total.............. 1,725,323 242,879 236,018 280,772 43,717,235 3.8 12 0.5 
China............ 298 438 33,966 36,009 120,830 25,017,278 1.2 0.6 0.1 
Di oececeseetes 750,000 147,036 NA 29,000 15,545,800 48 1.1 NA 
fopem .... 2.00 437 87 26,460 177,240 88,385 1,868,387 23.4 6.2 95 
Singapore......... 6,000 1,278 117 1,220 52,400 11.5 48 0.0 
South Korea....... 178,632 26,685 18,253 31,800 871,581 20.5 6.7 2.1 
Taiwan........... 54,375 7,454 4,399 9,537 361,789 15.0 59 1.2 
Europe 
Total. ............. 1,004,493 140,126 116,353 158,931 7,432,867 13.5 40 1.6 
European Union. .... 823.357 121,000 111,406 113,748 5,877,146 14.0 40 1.9 
Austria .......... 10,669 1,552 758 1,048 124,926 85 2.1 0.6 
Beigium ......... 19,027 1,327 5,409 4,999 143.517 13.3 44 3.8 
Denmark......... 12,542 1,038 670 2,679 78,432 16.0 47 0.9 
Finland...... a 12,386 1,818 744 2,939 74,371 16.7 6.4 1.0 
France .......... 111,808 17,896 8,509 17,847 858,554 13.0 42 1.0 
Germany......... 176,704 29,900 37,126 38,852 1,376,072 12.8 5.0 2.7 
Greece.......... 18,432 2,959 1,967 1,997 154,946 11.9 3.2 1.3 
lreland .......... 9,409 1,714 491 1,096 62,244 15.1 45 08 
St <eencrheees 96 225 13,148 19,311 7,900 921,010 10.4 2.3 2.1 
The Netherlands _. 20,712 2,775 4,973 2,759 241,690 86 2.3 2.1 
Portugal......... 12,053 1,904 1,129 1,222 164,800 7.3 1.9 0.7 
Spain........... 128.784 13,778 5,519 9,193 660,040 19.5 3.5 0.8 
Sweden ....... 15,932 1,591 1,200 2,417 117,964 13.5 3.4 1.0 
United Kingdom? .. . 178,674 29,600 23,600 18,800 898,580 20.8 56 28 
European Free Trade Assoc. 30,084 1,983 1,524 2,857 177,915 16.9 2.7 0.9 
Norway.......... 20,919 519 600 2,080 67,800 30.9 3.8 0.9 
Switzerland....... 9.165 1,464 924 777 110,115 8.3 2.0 0.8 
Central Europe... .. . 151,052 17,143 3,423 42,326 1,377,806 11.0 43 0.2 
Bulgaria ......... 23,886 2,388 460 6,548 117,381 20.3 76 0.4 
Czech Republic... . 18,160 2,351 164 5,915 146,187 12.4 5.7 0.1 
Hungary ....... 13,078 1,061 566 1,292 138,380 95 1.7 0.4 
Poland .......... 55,360 6,860 2.081 7,440 515,928 10.7 28 0.4 
Romania......... 29,901 3,094 127 16,737 381,306 78 5.2 0.0 
Slovak Republic... . 10,667 1,389 25 4,394 78,627 13.6 7.4 0.0 
North America 
Wh odeeescaveses 1,412,662 133,918 218,026 108,959 5,896 393 24.0 41 3.7 
Canada........... 114,861 13,379 24,133 7,124 388 426 29.6 5.3 6.2 
Mexico®........... 147,729 9,381 11,727 39,894 1,753,814 8.4 28 0.7 
United States ...... 1,150,072 111,158 182,166 61,941 3,754,153 30.6 46 49 


NS&E = natural sciences and engineering; NA = not available 


NOTES: Data are compiled from numerous national and international sources, and degree fields may not be strictly comparabie. First university degrees in different 
countries are of different duration and may not be academically equivalent. Data for India and Singapore are for 1990. Data for Belgium, Canada, Denmark, Greece. 
Ireland, the Netheriands, Portugal, Spain, Austria, Finland, Norway, Sweden, and Hungary are for 1991. All other country data are for 1992. 


‘Japanese social science data include business administration 

*U.K. data include colleges and polytechnics in 1992. 

‘Mexican social science data are estimated. 

‘The natural sciences include all physical, earth, atmospheric. oceanographic. biological. and agricultural sciences. as well as mathematics and Computer sciences. 
‘The social sciences include psychology. 

SOURCES: National sources; see chapter 2 references. 

See text table 2-1. Science & Engineering indicators — 1996 
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Appendix table 2-2. 
Ratio of science and engineering degrees to total first university degrees, by 
region/country: 1992 or most current year 


Natural Social 
Region/country Total S&E sciences* sciences* Engineering Non-S&E 
——--—— Percent 
Asia 
hs ceueueeseseene 63 11 12 40 37 
ed cc cnbebeeee 4% 24 20 NA A 76 
re 66 6 40 20 od 
Singapore............ 43 21 2 20 57 
South Korea........... 43 15 10 18 57 
Taiwan .............. 40 14 8 18 60 
Europe 
European Union 
Pi ciserneen dese 32 15 7 10 68 
errr 61 7 28 26 39 
Denmark............. 34 8 5 21 66 
Finland .............. 45 15 6 24 55 
Pn senatewessees 38 15 7 16 62 
Germany............. 60 17 2 22 40 
Greece .............. 38 16 11 62 
er 35 18 12 65 
Pe 42 14 20 8 58 
The Netherlands........ 50 13 24 13 50 
Portugal. 35 16 9 10 65 
Spain............... 22 11 4 7 78 
Sweden.............. 33 10 8 15 67 
United Kingdom........ 40 16 13 11 60 
European Free Trade Association 
Norway.............. 1§ 2 3 10 85 
Switzerland........... 34 16 10 8 66 
Central Europe 
Bulgaria....... .:) 10 2 27 61 
Czech Republic 47 13 1 33 53 
EEE obccaccnccees 22 8 a 10 78 
DE 500.0608 0060004 29 12 4 13 71 
Romania...... TTT Ta. 10 0 56 44 
Slovak Republic. . . 54 13 0 41 46 
North America 
Canada..... eeeesee Se 10 18 6 66 
i +2) bbe eh 00.006 41 6 8 27 59 
United States.......... 33 10 16 7 67 


‘Japanese social science data include business administration 


?The natural sciences include ail physical, earth, atmospheric, oceanographic, biological, and agricultural sciences, as weil 
as mathematics and computer sciences. 


The social sciences include psychology 
SOURCE: Computed from data in appendix table 2-1 Science & Engineering indicators - 1996 


Appendix table 2-3. 
Ratio of totai first university degrees and S&E degrees to the 24-year-old population, by sex and country: 
1992 or most current year 
(page 1 of 2) 
as Degree fields 24-year-olds 
first univ. Natural Social Total With first univ. With NS&E With soc. sci. 
Region/country degrees sciences” sciences* Engineering number degrees degrees degrees 
Number ———_—_—_— -— Percent 
Males 
Asia 
GE ccwccceccecs 307 586 20,921 150,758 85,027 957,251 32.3 11.1 15.8 
South Korea ....... 109,498 15,456 14,151 29,821 453,384 24.2 10.1 3.1 
European Union 
Di neceeeeeeee 5,996 1,071 301 978 64,130 9.3 3.2 0.5 
Denmark.......... 5,607 537 385 2,158 39,866 14.1 6.8 1.0 
DC > +020 664004 6,233 1,257 246 2,549 35,180 17.7 10.8 0.7 
France ........... 55,637 10,416 3,925 13,394 438,999 12.7 5.4 0.9 
Germany.......... 111,894 18,475 20,829 34,634 706,885 15.8 75 2.9 
Greece .......... 8.600 1,731 969 1,547 80,184 10.7 4.1 12 
Ireland ....... 4 898 954 191 955 32,104 15.3 5.9 0.6 
Tt pap ebeese se 46,519 6,779 10,447 7,345 468 949 9.9 3.0 22 
The Netherlands 12,261 2,080 3,473 2,466 123,660 99 3.7 28 
Portugal ...... 4,970 821 416 860 83,560 59 2.0 0.5 
ee ee 53,848 7,730 1,495 7,778 338,040 15.9 46 04 
Sweden .......... 7,118 981 262 1,899 62,227 11.4 46 04 
United Kingdom 46 888 12,963 6,536 8,647 437,232 21.4 7.2 28 
European Free Trade Association 
Norway ........... 7,815 344 432 1,614 34,632 22.6 5.7 1.2 
Switzerland ....... 5,893 1,088 429 751 55,554 10.6 3.3 0.8 
Centrai Europe 
DE ceescccece 10,296 1,047 201 3,337 59,922 17.2 7.3 0.3 
Czech Republic . 9,606 1,440 53 4,601 74,735 12.9 8.1 0.1 
Hungary ..... 6,084 777 321 1,131 71,629 8.5 2.7 04 
eee 24,525 3,309 752 6,100 265,441 92 3.5 0.3 
Slovak Republic... _. 5,484 748 6 3,059 39,977 13.7 9.5 0.0 
United States. ...—_—s.. 525,395 70,219 83,261 52,305 1,916,494 27.4 6.4 43 
Females 
Asia 
PT ecaccessose 128,166 5,539 26,482 3,358 911,051 14.1 09 29 
South Korea 66,088 11,229 4,100 1,979 453,384 15.8 3.0 1.0 
European Union 
DP Ceeeeessees 4,673 481 457 70 60,796 7.7 0.9 08 
Denmark.......... 6,935 231 285 521 38,191 18.2 2.0 0.7 
Finland . 6,153 561 498 390 33,627 18.3 28 15 
i «eg eceeteer 48,200 5,484 3,419 3,195 420,876 11.5 2.1 0.8 
Germany......... 69,751 11,425 16,297 4218 669,172 10.4 2.3 24 
Greece 9,832 1,228 998 450 74,758 13.2 22 13 
ireland 4,511 760 300 141 30,140 15.0 3.0 1.0 
i s6s0e004 49,706 6,369 8.864 555 452,059 11.0 15 2.0 
The Netherlands 8,451 695 1,500 293 118,030 7.2 08 1.3 
Portugal . 7,083 1,083 713 362 81,239 8.7 18 0.9 
Spain ... 74,939 6,048 4,024 1,415 321,999 23.3 2.3 1.2 
Sweden ....... 8,814 594 938 518 58,141 15.2 19 16 
United Kingdom ..... 38,005 7,368 6,855 1,398 416,872 20.3 44 28 
European Free Trade Association 
Norway........... 13,104 175 168 466 33,800 38.8 1.9 0.5 
tzerland ....... 3,272 376 495 26 54,559 6.0 0.7 0.9 


(continued) 
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Appendix table 2-3. 
Participation rate of college age cohort in first university degrees in the natural sciences and engineering, by sex and 
country: 1992 or most current year 


(page 2 of 2) 
a Degree fields 24-year-olds 
first univ. Natural Social Total With first univ. With NS&E With soc. sci. 
Region/country degrees sciences* sciences” Engineering number degrees degrees degrees 
Number Percent 
Centrai Europe 
Bulgaria ........ 13,590 1,341 259 3,211 57,259 23.7 7.9 0.5 
Czech Republic . . . 8,551 911 111 1,314 71,452 12.0 3.1 0.2 
Hungary ... - 6,994 284 245 161 66,751 10.5 0.7 0.4 
ee 30,835 3,551 1,329 1,340 252,900 12.2 1.9 0.5 
Slovak Republic 5,183 641 19 1,335 38,650 13.4 5.1 0.0 


United States : 624,677 46,526 103,324 9,636 1,847,991 33.8 3.0 5.6 


NS&E = natural scrlence and engineenng 


NOTES. Data are compiled from numerous national and international sources, and degree fieids may not be strictly comparable. “irst University degrees in different 
countnes are of different duration and may not be academically equivalent. Data for Denmark, Greece. ireland, the Netherlands. Portuga!, Spain. Austra, Finland. 
Norway, Sweden, and Hungary are for 1991. All other country data are for 1992 


‘Japanese social science data include business administration 


“The natural scrences include ail physical, earth. atmosphenc, oceanographic, biological, and agricultural sciences, as weil as mathematics and computer sciences 
‘The social sciences include psychology 

SOURCES. Nationa! sources, see chapter 2 references 

See figure 2-2 Science & Engineering indicators - 1996 


Science & Engineering indicators — 1996 oe * 2 


Appendix table 2-4. 
Science and engineering degrees as a percentage of total first university degrees, by sex 
and country: 1992 or most current year 


(page 1 of 2) 
Region/country Total S&E Natural sciences* Social sciences* Engineering Non-S&& 
Males 

Asia 
Japan’... 6... 83 7 49 27 17 
South Korea 55 15 13 27 45 
European Union 
Austria......... - 39 18 5 16 61 
Denmark........... 55 10 7 38 45 
Finland - — 65 20 oy 41 35 
France....... _ 50 19 7 24 50 
Germany........... 67 17 19 31 33 
Greece . oT Ter TT 49 20 11 18 51 
lweland ...... lie 42 19 4 19 58 
ae aeees 53 15 22 16 47 
The Netheriands ..... 65 17 28 20 35 
Portugal........... 42 17 8 17 58 
Spain....... -~— 31 14 3 14 69 
Sweden .... say 45 14 4 27 55 
United Kingdom... . . . 46 19 13 15 53 

European Free Trade Association 
Norway 31 4 6 21 69 
Switzerland 38 18 7 13 62 

Centra! Europe 
Buigaria . . 44 10 2 32 56 
Czech Republic 54 15 1 48 3% 
Hungary 37 13 5 19 63 
Poland 41 13 3 25 59 
Slovak Republic 70 14 0 56 30 

United States 42 13 16 13 58 

Females 

Asia 

Japan' 28 4 21 3 72 
South Korea 25 16 6 3 75 

European Unio; 
Austna 21 10 10 1 78 
Denmark 15 3 4 8 85 
Finiand 23 9 8 6 77 
France 25 11 7 7 75 
Germany 45 16 23 6 54 
Greece 27 12 10 5 73 
ireland 27 17 7 3 73 
italy 32 13 18 1 68 
The Netherlands 29 8 18 3 71 
Portugal 30 15 - 10 5 70 
Spain 15 8 5 2 85 
Sweden 24 7 11 6 76 
United Kingdom 33 14 14 6 66 

European Free Trade Association 

Norway 6 1 1 4 94 
Switzerland 27 11 15 1 73 

Centrai Europe 

Buigana 36 10 2 24 65 
Czech Republic 27 11 1 15 73 
Hungary 10 4 4 2 90 
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Appendix table 2-4. 
Science and engineering degrees as a percentage of total first university degrees, by sex 
and country: 1992 or most current year 


(page 2 of 2) 

Region/country Total S&E Natural sciences® Social sciences® Engineering Non-S&E 
Poland | . 20 12 4 4 80 
Slovak Republic 38 12 0 26 62 

United States 26 7 17 2 74 


SSE = SCIENCE and engineenng 


NOTES Data are compiled from numerous national and international sources. and degree fieids may not be strictly comparable 
First university degrees in different countnes are of different duraton and may not be academically equivalent Data for 
Denmark, Greece. ireland, the Netherlands, Portugal. Spain. Austna. Finland, Norway, Sweden. and Hungary are for 1991 

All other country Gata are for 1992 


‘Japanese social scence data include business adrnnistration 


“The natural sciences include all physical. earth. atmospheric, oceanographic, biological. and agncultural sciences. as weil as 
mathematics and computer sciences 


"The social scrences include psychology 
SOURCES Natona! sources, see chapter 2 references 
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Appendix table 2-5. 
Share of first university science and engineering degrees obtained by males and females 
in selected countries and the United States: 1992 or most current year 
(page 1 of 2) 
Natural Math/comp. Agricultural Social 
Region/country sciences? sciences sciences sciences® Engineering 
Males 
Asia 
a 81 79 78 85 96 
South Korea...... 56 59 67 78 94 
European Union 
Austria.......... 65 76 67 40 93 
Denmark ........ 70 NA 47 57 81 
Finland ......... 48 88 59 33 87 
France.......... 66 NA NA 53 81 
Germany ........ 60 75 53 56 89 
Greece ......... 57 59 61 49 78 
ee 50 71 64 39 87 
elect dite 65 46 49 71 54 92 
The Netherlands 70 86 77 70 8S 
Pate. ........ 31 56 38 37 70 
Sr 50 60 63 27 90 
Sweden......... 46 70 58 22 79 
United Kingdom .. . 56 66 50 51 74 
European Free Trade Association 
a ns 69 96 72 78 
Switzerland ...... 73 86 62 46 97 
Central Europe 
Bulgaria......... 30 27 60 ds 51 
Czech Republic 45 74 62 32 78 
Hungary......... 63 80 76 57 88 
ee 29 37 61 36 82 
Slovak Republic 38 59 56 24 70 
United States... . 58 64 62 45 84 
Females 
Asia 
ae 19 21 22 15 4 
South Korea...... 43 41 33 22 6 
European Union 
ee 35 24 33 60 7 
Denmark ........ 30 NA 53 42 19 
EE 4 60:4 034-0 @4 52 12 41 67 13 
ee 35 NA NA 47 19 
Germany........ 40 25 47 44 11 
Greece ......... 43 41 39 51 23 
ee 50 29 36 61 13 
clttrecevet 54 51 29 54 8 
The Netherlands 30 14 23 30 11 
Portugal......... 69 44 62 63 30 
ae 50 40 37 73 10 
Sweden......... 54 30 42 78 21 
United Kingdom .. . 44 44 50 49 26 
European Free Trade Association 
Norway ......... 36 31 4 28 22 
Switzerland ...... 27 15 38 54 3 
(continued) 
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Appendix table 2-5. 
Share of first university science and engineering degrees obtained by males and females 
in selected countries and the United States: 1992 or most current year 


(page 2 of 2) 
Natural Math/comp. Agricultural Social 
Region/country sciences? sciences sciences sciences* Engineering 
Central Europe 
Buigaria......... 70 73 40 56 49 
Czech Republic .. . 55 26 38 68 22 
Hungary......... 37 20 ye 43 12 
0 71 63 39 64 18 
Slovak Republic . . . 63 41 44 76 30 
United States .._.. 42 36 38 55 16 


NA = not available 


NOTES: Data are compiled from numerous national and international sources, and degree fields may not be strictly compa- 
rable. First university degrees in different countries are of different duration and may not be academically equivalent. Data 
for Denmark, Greece, Ireland, the Netherlands, Portugal, Spain, Austria, Finland, Norway, Sweden, and Hungary are for 
1991. All other country data are for 1992. 


‘Japanese social science data include business administration. 
The natural sciences include all physical, earth, atmospheric, oceanographic, biological, and agricultural sciences. 
The social sciences include psychology. 
SOURCES: Nationa! sources; see chapter 2 references. 
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Appendix table 2-6. 


Enroliment in higher education, by Carnegie institution type: 1967-93 


Master's Master's 
Doctorate- Doctorate- universities universities Baccalaureate Baccalaureate Associate 
Total Research! MResearchi! granting! granting !| &colleges! & colleges || colleges | colleges I! of arts Specialized Other 
1967 ...... 6,963,687 1,500,020 494 622 437,889 359,366 1,651,627 111,949 207 947 411,292 1,427,902 184,211 81,828 
1968 ...... 7,571,636 1,554,888 517,998 456,292 394,112 1,803,706 122,399 213,967 429 462 1,712,992 191,667 86,936 
1969 ...... 8,066,233 1,634,671 538,106 484 322 415,928 1,926,150 129,589 219,671 441,172 1,915,650 200,074 80,525 
1970 ...... 8,649,368 1,738,468 568,667 510,850 442 648 2,063,299 138,609 225,450 450,714 2,183,000 213,935 82,219 
1971 ...... 9,025,031 1,706,938 575,787 520,879 463,694 2,152,223 144,752 232,861 463,368 2,437,588 223;426 84,003 
1972 ...... 9,297 787 1,757,222 579,127 523,786 472,509 2,174,657 143,665 238,171 462,950 2,612,370 232,892 81,291 
ee ...... 9,694,297 1,760,199 588,534 530,348 485,344 2,240,374 143,196 241,706 475,677 2,875,046 254,734 84,475 
1974...... 10,321,539 1,814,964 607,525 550,643 504,057 2,313,932 154,023 244,381 493,834 3,274,747 275,229 80,118 
11,290,719 1,909,293 636,380 566,372 538,591 2,453,750 164,265 246,584 540,922 3,840,903 308,616 80,667 
1976 41,121,426 1,880,886 606.569 574,343 532.258 2,403,985 168,655 247,318 552,432 3,758,599 312,745 81,379 
1977 ...... 11,418,631 1,864,713 612,006 586,364 549,779 2,461,902 174,987 250,486 574,092 3,929,859 327,155 85,078 
ae 11,393,015 1,851,989 617,481 588,847 548,831 2,440,231 180,016 258,364 579,391 3,914,639 339,025 71,860 
1979 ...... 11,707,126 1,890,706 629,849 602,912 553,427 2,449,780 184,053 257,908 603,894 4,107,321 353,855 71,425 
ae 12,234,644 1,933,997 645,325 613,719 577,391 2,518,328 189,270 267 683 633,633 4,408,130 374,990 71,544 
Pre 12,517,753 1,947,409 649,376 617,847 586,085 2,551,072 197,239 264,739 645,558 4,602,468 386,707 68,659 
1982 ...... 12,588,520 1,919,468 641,744 613,418 599,362 2,557,464 199,095 259,046 652,868 4,674,861 403,279 60,457 
ee 12,633,930 1,943,271 639,046 620,016 596,404 2,579,548 204,053 261,669 669,990 4,644,251 413,613 61,397 
ES = @ ab 12,400,392 1,939,309 634,541 615,562 597,907 2,563,653 201,585 260,427 657,899 4,460,472 411,820 56,641 
1985 ...... 12,411,945 1,946,601 632,226 615,014 595,198 2,577,560 205,946 261,666 658,518 4,455,880 408,135 54,641 
Re 12,670,121 1,975,513 643,485 621,519 596,608 2,619,884 206,862 265,206 660,799 4,600,757 408 883 70,133 
I i ls an & 12,925,116 2,000,306 654,998 632,002 606 ,950 2,666,979 215,185 269,914 670,332 4,739,895 402,436 65,484 
ar 13,205,540 2,018,274 675,209 643,810 614,868 2,729,664 223,266 276,431 698,572 4,843,857 416,718 64,188 
- ar 13,621,203 2,036,077 693,078 657,441 630,705 2,824,167 232,481 274,212 724,030 5,071,350 414,168 63,337 
PS 13,871,725 2,068,191 701,979 670,367 641,313 2,875,529 239,238 275,109 736,607 5,146,260 434,514 65,476 
sd aed 14,527,724 2,083,815 708,220 674,977 650,860 2,953,701 250,642 276,642 762,568 5,591,637 447,979 70,246 
Pew 14,657,118 2,078,176 703,008 668,628 657,270 2,954,370 256,155 274,051 786,255 5,659,197 468 682 73,680 
PP 14,478,647 2,067,882 690,626 660,711 651,967 2,934,991 257 ,967 271,678 796,799 5,502,014 480,171 71,104 


SOURCES: National Center for Education Statistics (NCES), U.S. Department of Education, Enroliment Survey, (NCES, 1993); and Science Resources Studies Division, National Science Foundation, unpublished tabulations. 
See figures 2-3 and 2-4. 
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Appendix table 2-7. 
Number of science and engineering degrees, by degree level and institution type: 1993 


Total Math & Social & 
Total science & Natural computer behavioral Engineering 
Institution type degrees engineering sciences’ sciences sciences? Engineering technology* 
Bachelor's degrees 
ere 1,179,278 366,035 77,312 39,433 186,585 62,705 17,022 
Research! ............... 284,381 123,061 26,829 8,676 58,654 28,902 1,675 
Researchil............... 98,528 34,856 7,140 2,407 16,937 8,372 1,445 
Doctorate-granting!......... 87,201 24,091 4,124 2,742 12,976 4.249 1,230 
Doctorate-granting li ........ 79,524 26,607 4,840 2,983 11,995 6,789 1,072 
Master's universities and 
NE eee en a 0s es 384,761 94,204 19,593 13,795 50,998 9,818 6,769 
Master's universities and 
th pctiatink om. 4 0 9 0's 33,006 7,001 1,498 1,152 4,027 324 694 
Baccalaureate colleges |...... 56,435 26,464 6,953 1,946 17,072 493 15 
Baccalaureate colleges ll... .. 110,837 23,237 5,333 4,243 12,689 972 1,707 
Associate ofarts ........... 885 93 59 14 20 0 271 
Specialized............... 38,682 3,910 565 1,313 258 1,774 2,133 
in a+ 2-00. 04:066094: 60464 4,764 2,432 376 154 890 1,012 11 
Master's degrees 
PTT ee ere rere 370,973 86,425 13,474 14,100 31,187 27,664 1,555 
ND nce cesecccsecee 115,408 37,086 6,425 4,796 10,928 14,937 375 
ee 32,175 10,013 1,729 1,266 3,137 3,881 39 
Doctorate-granting!......... 38,108 8,476 1,120 1,943 3,154 2,259 172 
Doctorate-granting Il ........ 28,647 8,083 1,302 1,803 2,402 2,576 94 
Master's universities and 
Se 123,023 18,109 2,315 3,758 8,953 3,083 716 
Master's universities and 
Cs .ib5ba600 40464 5,769 501 23 96 352 30 41 
Baccalaureate colleges !...... 4,505 878 123 52 658 45 
Baccalaureate colleges ll... .. 2,656 311 41 11 242 17 2 
Specialized............... 16,993 1,300 354 280 245 421 40 
Se ee 3,608 1,637 42 89 1,091 415 76 
Not classified.............. 497 24 0 6 18 0 0 
Doctoral degrees 
BE §.069.04.068 00066536088 39,754 25,438 10,530 2,024 7,188 5,696 0 
DNS a cccccccececess 26,927 18,200 7,801 1,509 4,493 4,397 0 
cts oo e4eseeesse 4,900 3,024 1,244 254 881 645 0 
Doctorate-granting!......... 4,267 1,938 508 167 945 318 0 
Doctorate-granting ll ........ 1,676 1,087 452 83 280 272 0 
Master's universities and 
ee eee 363 138 53 0 52 33 0 
Master's universities and 
ee ee 2 2 2 0 0 0 0 
Baccalaureate colleges !...... 95 29 13 1 14 1 0 
Baccalaureate colleges ||... .. 1 0 0 0 0 0 0 
eS Ter Tre Tee 927 537 445 5 67 20 0 
Not classified.............. 596 483 12 5 456 10 0 
‘The natural sciences inciude ail physical, earth, atmospheric, oceanographic, biologicai, and agricultural sciences. 
The social and behavioral sciences include psychology, sociology, and other social sciences. 
3Engineering technology is not included under “Total science & engineering.” 
SOURCES: Nationa! Center for Education Statistics (NCES), U.S. Department of Education, Completion Survey (NCES, 1993); and Science Resources Studies 
Division, National Science Foundation, unpublished tabulations. 
See figures 2-3, 2-5, and 2-6. Science & Engineering Indicators - 1996 
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Appendix table 2-8. 
Number of institutions awarding science and engineering degrees, by degree level and institution type: 1993 
Total Math & Social & 
Total science & Natural computer behavioral Engineering 
institution type degrees engineering sciences' sciences sciences* Engineering technology* 
Bachelor’s degrees 
in n.t+eeeeenn eu 0s%s 44 1,790 1,440 1,270 1,272 1,332 403 346 
Research! ............... 86 85 85 85 85 77 20 
Researchil............... 38 38 38 38 38 35 15 
Doctorate-granting!......... 49 48 46 46 47 25 18 
Doctorate-granting I} ........ 60 59 59 57 56 40 23 
Master's universities and 
colleges!................ 435 427 407 411 424 129 154 
Master's universities and 
colleges !l............... 93 92 87 81 89 15 16 
Baccalaureate!............ 165 159 154 150 159 15 2 
Baccalaureate lJl............ 461 430 369 354 398 39 60 
Associate ofarts........... 29 6 1 3 2 0 8 
Specialized............... 349 80 18 41 22 21 29 
re 18 14 5 5 10 7 1 
Not classified.............. 7 2 1 1 2 0 0 
Master's degrees 
ree 1,285 727 471 417 592 265 75 
|) 86 86 86 83 86 78 11 
ES bik a wk ee yeu 08 38 38 38 38 38 33 a 
Doctorate-granting!......... 49 49 46 45 46 21 8 
Doctorate-granting ll ........ 60 60 55 48 52 39 5 
Master's universities and 
ee 433 336 190 173 281 68 38 
Master's universities and 
CTS. «468 eee eeeess 93 25 5 5 16 2 3 
Baccalaureate!............ 55 23 11 6 17 2 0 
Baccalaureate ll............ 138 23 3 1 18 3 1 
re 299 62 35 14 14 16 3 
PPPOE TTT ETT Te 31 23 2 3 22 3 2 
Not classified.............. 3 2 0 1 2 0 0 
Doctoral degrees 
0 ey ee eee ee 363 310 265 164 233 171 0 
TE 66 esebeneeeeees 88 88 88 80 86 78 0 
DC: taeeneeeceees 38 38 38 34 38 31 0 
Doctorate-granting!......... 50 49 40 26 45 18 0 
Doctorate-granting ll ........ 58 51 45 17 33 27 0 
Master's universities and 
cba iewree hen ees 48 26 15 0 8 8 0 
Master's universities and 
Dc ciek Coeeeccess 1 1 1 0 0 0 0 
Baccalaureate!............ 8 4 1 1 2 1 0 
Baccalaureate ll............ 1 0 0 0 0 0 0 
CS) 4460065604804 0 0 0 0 0 0 0 
SES TrT TTT ee rere TT Tt 55 39 34 3 9 6 0 
I ia ak a la 16 14 3 3 12 2 0 


‘The natural sciences include all physical, earth, atmospheric, oceanographic, biological, and agricultural sciences. 
The social and behavioral sciences include psychology. 
‘Engineering technology is not included under “Tota! science & engineering.” 


SOURCES: National Center for Education Statistics (NCES), U.S. Department of Education, Completion Survey (NCES, 1993); and Science Resources Studies 


Division, National Science Foundation, unpublished tabulations. 
See figure 2-3. 
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Appendix table 2-9. 
Total undergraduate enroliments, by race/ethnicity, citizenship, and sex: 1978-93 


Race/ethnicity and citizenship 1978 1980 1982 1984 1986 1988 1990 1992 1993 
All students 

MN a 3 6 00 4.0.066460800020% 9,808,815 9,821,513 10,205,475 10,081,336 10,952,167 11,453,788 12,011,657 12,693,778 12,482,813 
IN 0.0 oe ebeeeteatieba 7,872,635 7,827,035 8,060,213 7,635,957 8,406,100 8,737,576 9,232,090 9,388,226 9,103,638 
Eg onc aeeneuestenees 206,065 225,422 280.062 296,123 384,004 431,053 491,134 620,463 642 585 
Black ................... 968 059 968 481 956,510 860,322 982.214 1,002,515 1,125,591 1,282,732 1,290,647 
tins oe 6 eek ene es 501,053 523,021 582,726 547,837 691,621 741,814 840,370 1,032,817 1,064,192 
Native American ........... 71,891 70,553 74,123 66,120 81,356 84,108 95,135 110,879 112,710 
Foreign citizen............. 170,517 201,034 212,999 200,146 199,921 202,815 227 337 258,661 269,041 

Males 

Total .................... 4,814,322 4,723,979 4,910,480 4,787,658 5,078,768 5,192,254 5,396,557 5,644,113 5,547,126 
White ................... 3,884,778 3,785,209 3,881,826 3,635,294 3,908,642 3,979,958 4,165,862 4,195,726 4,067,940 
Dn sn on node tuwcetees 108,261 117,574 148,969 156,947 201,591 221,673 250 287 308 564 318,225 
ere 416,816 407,497 400,746 352,703 396,749 395,359 440,209 496,123 499 606 
Hispanic................. 244,149 244 444 270,386 250,043 313,108 329,866 371,232 453,488 467,217 
Native American ........... 33,481 31,621 33,589 29,498 35,592 35,501 39,692 46,572 47,226 
Foreign citizen............. 116,583 134,864 143,000 132,496 127,364 122,320 129,275 143,640 146,912 

Females 

SD «nn é cn beseeececeseoéa 4,994 493 5,097 534 5,294,995 5,293,678 5,873,399 6,261,534 6,615,100 7,049,665 6,935,687 
Rn 6.64 06 a6 400000 bat<“?s 3,987 857 4,041,826 4,178,387 4,000,663 4,497,458 4,757,618 5,066,228 5,192,500 5,035,698 
Ra so on 6.0006.940060004 97,804 107,848 131,093 139,176 182,413 209,380 240,847 311,899 324,360 
DS a0 sees bnew 064605 551,243 560,984 555,764 507,619 585 465 607,156 685 382 786,609 791,041 
Rs otra a 6-6 0.04064 89-4 256,904 278,577 312,340 297,794 378,513 411,948 469,138 579,329 596,975 
Native American ........... 38,410 38,932 40,534 36,622 45,764 48,607 55.443 64,307 65,484 
Foreign citizen............. 53,934 66,170 69,999 67,650 72,557 80,495 98,062 115,021 122,129 


SOURCES: National Center for Education Statistics (NCES), U.S. Department of Education, Digest of Education Statistics (Washington, DC: GPO, 1994); NCES, Trends in Racial/Ethnic Enroliment in Higher 


Education: Fall 1982 through Fall 1993 (Washington, DC: GPO, 1994); and NCES, unpublished tabulations. 
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Appendix table 2-10. 


Undergraduate enroliment in engineering and engineering technology programs: 1979-94 


Enroliment 1979 1981 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 
Engineering programs 
Te ccecccevesreereces 366,299 420402 441,205 429.499 420864 407,657 392,198 385412 378277 380,287 379,977 382,525 375,944 367,298 
Total full-time ............ 340,488 387.577 406.144 394635 384,191 369,520 356,998 346,169 338529 338842 339,397 344,126 337,817 328,463 
Freshman............. 103,724 115280 109.638 105,249 103,225 99,238 95,453 98,009 95,420 94,346 93,002 93,427 88,875 85,047 
Sophomore............ 78,594 87,519 89,515 83,946 79,627 76,195 73,317 71,030 71,267 72,204 71,257 71,644 69,974 68,177 
ee 74,928 86,633 91,233 89,509 84,875 80,386 77,085 73,761 70,483 72,666 73,516 74,871 73,449 71,753 
Senior................ 77,823 92.414 109.036 109.695 110305 107,773 104,003 97,614 94,465 92,989 94.683 98,235 98,214 96,523 
Fifth year.............. 5.419 5,731 6,722 6,236 6,159 5,928 7,140 5,755 6,894 6,637 6,939 5,949 7,305 6,963 
Total part-time............ 25,811 32,825 35,061 34,864 36,673 38,137 35,200 39,243 39,748 41,445 40,580 38,399 38,127 38,835 
Total number of schools... . . 286 286 292 289 297 311 316 320 323 328 336 337 336 337 
ABET-accredited 
GEE co ccccucceccose 239 250 258 258 264 270 277 281 284 289 303 309 310 315 
Engineering technology programs 
ee NA 191,152 163,226 157,897 123,571 137,390 128,501 131,704 127,687 123,217 127,135 124,736 106,976 107,275 
Total full-time ............ NA 134,444 112,745 111446 83,038 90,536 80,600 79,624 76,179 72,390 75,340 73,245 65,581 66,457 
Poet yeer.............. NA 65,893 53,032 46,806 34,389 39,177 32,685 33,477 32,225 30,178 31,302 30,543 24,824 24,574 
Second year........ - NA 40,774 33,799 31,716 23,293 25,612 22,906 21,852 21,627 20,586 20,815 21,081 19,962 20,997 
Other years associates... . NA 872 925 1,165 466 657 1,404 1,760 1,810 1,603 2,221 2.336 2,564 3,121 
BA of engineering tech 
third and later years... .. NA 26,905 24,989 31,759 24,890 25,090 23,605 22,535 20,517 20,023 21,002 19,285 18,231 17,765 
Total part-time............ NA 56,708 50,481 46,451 40,533 46,854 47,901 52,080 51,508 50,827 51,795 51,491 41,395 40,818 
Number of schools......... NA NA NA NA 200 257 291 310 286 303 302 298 263 294 


NA = not available 


‘Schools with at least one curriculum accredited by the Accreditation Board of Engineering and Technology (ABET). 


SOURCE: Engineering Workforce Commission, American Association of Engineering Societies, Engineering and Technology Enroliments, Fall 1979-1994, unpublished tabulations, 1995 
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Appendix table 2-11. 
Engineering enroliments, by attendance pattern: 1979-94 


1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 


Number 
Undergraduate, total 366.299 397.344 420.402 435.330 441.205 429.499 420.864 407.657 392.198 385.412 378.277 380.287 379.977 382.525 375.944 367,298 
Full-time _ 340,488 365.117 387.577 403,390 406,144 394.635 384.191 369520 356.998 346.169 338529 338.842 339.397 344.126 337,817 328,463 
Part-time ~ 2 25.811 32.227 32,825 31,940 35,061 34,864 36.673 38.137 35.200 39.243 39.748 41,445 40.580 38.399 38.127 38,835 
Graduate,total  . 67.152 72585 77,600 81,999 91,040 93.165 95.505 107.196 110,778 112.007 114,048 117,834 123,497 128.854 128,081 122.242 
Full-time — 41.384 44335 47.782 50410 57,366 57.277 60,641 67,333 69.343 69.226 68.967 72,456 74,568 78.651 78885 74,596 
Part-time . a ee 25.768 28.250 29.818 31,589 33.674 35.888 34,864 39863 41,435 42,781 45,081 45,378 48.929 50.203 49.196 47,646 

Percent 
Undergraduate, total  . 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Full-time ... a 93.0 91.9 92.2 92.7 92.1 919 91.3 90.6 91.0 89.8 89.5 89.1 89.3 90.0 89.9 89.4 
Part-time 2s «es 7.0 8.1 7.8 7.3 793 8.1 8.7 94 9.0 10.2 10.5 10.9 10.7 10.0 10.1 10.6 
Graduate,total  .§__. 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Full-time ..... 61.6 61.1 61.6 61.5 63.0 61.5 63.5 62.8 62.6 61.8 60.5 61.5 60.4 61.0 61.6 61.0 
Part-time ..... 38.4 38.9 38.4 38.5 37.0 38.5 36.5 37.2 37.4 38.2 39.5 38.5 33.6 39.0 38.4 33.0 


SOURCE: Engineering Workforce Commission, American Association of Engineering Societies, Engineering and Technology Enroliments, Fall 1979-1994, unpublished tabulations, 1995 
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Appendix table 2-12. 


Undergraduate enroliment in engineering, by sex, race/ethnicity, and citizenship: 1979-94 


Sex, race/ethnicity, 
and citizenship 1979 1981 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 
Total . 366.299 420402 441.205 429.499 420864 407.657 392.198 385412 378.277 380.287 379.977 382525 375.944 367.298 
Sex 
Male. . 321,868 361,133 372,374 362,800 354612 344999 331917 325.024 318,067 319,506 316719 316460 309412 300.643 
Female 44 431 59.269 68,831 66.699 66,252 62,658 60,281 60,388 60,210 60,781 63.258 66,065 66,532 66.655 
Race/ethnicity or citizenship 
ES it od wiadeéndadet 32566 343.649 354.329 340.374 323,899 315.861 296.749 288.415 281.948 288.732 271906 270942 263,073 256.287 
Se 12,243 15,815 23,007 25.449 28.767 30,201 32,795 34,051 33,360 30,898 37,803 38,480 37 835 37,003 
Underrepresented minorities 28.729 34,353 37 432 37,557 39,657 37,240 38,640 40,389 41,338 41,169 48692 51,517 52.437 52.188 
Er 15,842 18,911 19,698 19.204 19,819 18,459 19,142 20,405 21,013 20,833 24,563 25,722 25,920 24,994 
Gepemis ....... 12,068 14,359 16,462 17,075 18,598 17,586 18,253 18,700 19,007 18,873 22,441 23,863 24,586 25.216 
Native Amercan ...._... 819 1,083 1,272 1,278 1,240 1,195 1,245 1,284 1,318 1,463 1,688 1,932 1,931 2,028 
Foreign citizen 22,761 26,585 26,437 26.119 28,541 24,355 24,014 22,557 21,631 19,488 21,576 21,586 22,599 21,764 
- Percent — —— - —— 
Sex 
Male. . 87.9 85.9 844 845 84.3 846 846 84 3 84.1 84.1 83.4 82.7 82.3 819 
Female 12.1 14.1 15.6 15.5 15.7 15.4 15.4 15.7 15.9 16.0 16.6 17.3 17.7 18.1 
Race/ethnicity or citizenship 
LA 82.6 81.7 80.3 79.2 77.0 775 75.7 748 745 75.9 716 70.8 70.0 69.8 
ee 3.3 3.8 52 5.9 68 74 8.4 88 8.8 8.1 Be) 10.1 10.1 10.1 
Underrepresented minorities 78 82 8.5 8.7 94 9.1 99 10.5 10.9 10.8 128 13.5 13.9 14.2 
Pe 43 45 45 45 47 45 4g 5.3 56 5.5 65 6.7 69 68 
Hispanic ..._. 3.3 34 3.7 40 44 43 47 49 5.0 5.0 5.9 62 65 6.9 
Native American . 02 0.3 0.3 03 0.3 0.3 03 03 0.3 04 04 05 0.5 06 
Foreign citizen... 62 6.3 6.0 6.1 68 6.0 6.1 59 5.7 5.1 5.7 5.6 6.0 59 


SOURCE: Engineenng Workforce Commission, American Association of Engineenng Societies. Engineering and Technology Enroliments. Fall 1979-1994, unpublished tabulations, 1995 


See figure 2-7 
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Appendix table 2-13. 4 
Freshman choice of major in broad science and engineering fields, by race/ethnicity and sex: 1975-94 


S 


(page 1 of 3) 
Sex and field 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 
——— - Percom—_  —_—__—_____________-_—_——- ————<—_—__———————————— 
White students 
All students 
TotalS&@E ........... 328 314 290 32 28.1 W3 299 313 31.4 30.9 29.8 278 27.0 265 290 284 32 30.2 31.1 31.0 
Natural sciences’... . . 13.3 132 10.0 9.6 9.0 8.5 8.0 7.4 7.7 8.1 7.7 6.9 6.5 66 69 75 8.5 92 100 119 
Math/comp. sciences. . 2.3 2.3 2.2 2.6 2.9 3.1 4.7 5.9 5.7 3.8 3.1 2.5 2.2 2.1 2.3 2.2 2.1 2.1 24 23 
Social sciences* ..... 8.1 7.3 7.3 7.7 6.4 7.3 6.3 6.4 6.5 8.0 8.3 8.2 9.7 96 105 9.9 9.0 9.5 94 89 
Engineering ........ 9.1 8.6 95 103 98 114 109 116 11.5 11.0 10.7 10.2 8.6 8.2 9.3 88 106 9.4 93 79 
Male 
TE nw ewes 43.9 417 378 393 382 406 405 415 42.5 41.0 38.7 35.9 34.0 33.7 366 353 375 37.4 382 375 
Natural sciences’... .. 170 166 122 118 115 104 10.2 9.9 10.0 9.6 9.4 8.2 7.9 85 82 9.0 8.7 10.4 11.0 12.7 
Math/comp. sciences. . 2.4 2.7 2.5 3.0 3.4 3.7 5.6 6.6 6.6 49 4.0 3.3 3.2 30 3.4 3.0 3.0 2.9 35 35 
Social sciences? ..... 8.2 7.5 6.8 6.7 6.0 6.5 5.5 5.1 5.9 6.6 6.7 6.2 7.2 74 82 7.8 7.0 7.6 76 75 
Engineering ........ 163 149 163 178 173 20.0 19.2 199 20.0 19.9 18.6 18.2 15.7 148 168 155 188 16.5 16.1 138 
Female 
TotalS&E ........... 219 209 200 21.1 196 20.1 21.0 216 21.7 21.3 21.6 20.1 21.0 207 229 225 24.1 24.1 249 256 
Natural sciences’... .. 9.3 9.3 7.9 7.6 7.1 6.2 6.1 5.3 5.7 6.2 6.2 5.7 5.2 5.2 5.9 6.0 8.4 8.2 90 109 
Math/comp. sciences . . 2.3 2.0 1.9 2.3 2.4 2.6 3.9 5.3 49 2.7 2.1 1.8 1.3 1.4 1.4 1.6 1.3 1.3 - 22 
Social sciences* ..... 8.5 7.7 8.0 8.7 7.4 8.2 7.4 75 7.4 96 10.2 10.0 12.3 11.7 128 119 113 11.5 11.1 104 
Engineering ........ 1.8 1.9 2.2 2.5 2.7 3.1 3.6 3.5 3.7 28 3.1 2.6 2.2 24 28 3.0 3.1 3.1 36 3.0 
Asian students 
All students 
ee 509 498 420 459 485 484 476 498 50.1 48.7 51.1 46.2 47.2 447 43.1 429 442 43.7 429 449 
Natural sciences’... . . 228 203 144 161 127 119 12.7 13.3 15.0 15.2 15.9 14.5 15.1 146 119 128 £147 16.1 162 164 
Math/comp. sciences . . 43 3.8 3.4 4.1 46 5.0 6.1 7.3 75 5.4 3.2 4.2 3.9 33 2.7 3.5 3.6 2.5 29 42 
Social sciences® ..... 8.0 7.9 6.0 6.5 5.9 5.9 5.7 6.2 6.1 6.5 7.7 6.9 8.5 98 93 9.7 8.5 8.5 9.1 8.0 
Engineering ........ 158 178 1182 192 253 256 23.1 23.0 21.5 21.6 24.3 20.6 19.7 17.0 192 169 174 16.6 147 163 
Male 
EE 587 603 540 552 585 593 583 596 59.8 59.9 60.0 56.2 55.5 528 518 523 54.1 513 508 526 | 
Natural sciences’... .. 247 209 160 158 145 13.5 13.2 14.7 16.9 16.3 15.7 14.9 14.5 155 13.1 144 155 16.3 163 163 
Math/comp. science. . . 4.1 3.8 3.6 4.0 3.4 3.8 5.4 5.7 6.6 5.5 3.1 44 46 39 3.1 4.7 48 3.6 4.1 58 
Social sciences* ..... 5.7 5.9 44 5.0 3.6 4.0 3.4 43 3.9 5.1 6.5 4.2 5.4 6.9 5.6 6.6 58 5.7 65 5.0 
Engineering ........ 242 297 300 384 370 BO SB3 SHY 32.4 33.0 34.7 32.7 31.0 26.5 300 266 28.0 25.7 23.9 255 = 
> 
Female 
a 40.1 383 287 37 379 47 BS3 £4400 39.5 37.4 40.4 36.2 37.8 3.2 847 338 346 36.2 349 364 
Natural sciences’... .. 204 196 126 165 109 10.1 119 11.7 12.9 14.0 16.2 14.3 15.5 13.7 114 11.1 143 15.7 158 16.7 
Math/comp. science. . . 4.7 3.7 3.0 4.3 5.9 6.5 7.0 9.1 8.4 5.4 3.3 4.1 3.2 28 24 2.4 2.4 1.6 19 24 * 
Sc ial sciences? ..... 10.0 10.0 7.9 8.0 8.6 7.6 7.9 8.7 8.1 7.6 8.6 9.7 11.5 13.1 135 128 112 11.4 114 10.7 > 
Engineering ........ 5.0 5.0 5.2 79 125 105 9.5 10.5 10.1 10.4 12.3 8.1 7.6 6.6 7.4 75 6.7 7.5 58 66 | 2 
(continued) 
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Freshman choice of major in broad science and engineering fields, by race/ethnicity and sex: 1975-94 


(page 2 of 3) 
Sex and field 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 
Percent 
Black students 

All students 

ae 30.1 317 290 W3W7 290 304 307 333 315 289 304 279 307 #£=311 312 #314 353 37.1 37.7 356 
Natural sciences’... . . 7.1 89 57 57 50 47 5.0 5.3 5.3 5.8 5.8 48 5.1 47 57 53 £464 78 89 88 
Math/comp. sciences. . 1.5 1.5 18 26 34 47 6.8 8.3 9.0 6.9 7.0 45 44 40 44 45 £520 47 48 45 
Social sciences* ..... 156 147 13.7 14.1 12.1 10.7 9.0 8.3 8.4 8.7 8.1 10.2 10.7 143 119 127 116 119 11.141 12.7 
Engineering ........ 59 66 78 83 85 103 99 114 8.8 7.5 9.5 84 105 81 92 89 123 127 129 96 

Male 

re 326 342 329 33.1 328 348 359 385 357 335 348 318 350 341 342 328 397 418 428 38.1 
Natural sciences’... . . 86 104 7.1 6.0 56 5.0 5.7 58 6.2 6.3 5.8 5.0 5.3 57 52 57 #460 77 85 81 
Math/comp. sciences. . 1.6 1.6 19 32 35 48 7.0 8.0 8.9 7.4 7.8 49 5.3 42 53 50 50 50 57 50 
Social sciences? .__.. 10.9 96 89 84 78 #8665 6.0 5.4 5.3 7.0 5.3 7.1 6.9 97 77 74 74 80 74 80 
Engineering ........ 115 126 150 155 159 185 172 193 153 128 15.9 148 175 145 160 147 213 211 212 17.0 

Female 

TotalS&E ........... 226 240 196 233 219 234 243 272 255 234 250 230 258 267 275 280 307 321 328 304 
Natural sciences'..... 6.1 7.5 46 5.8 44 44 48 49 43 5.6 5.9 44 47 4.1 5.8 5.6 6.8 8.0 95 8.9 
Math/comp. sciences. . 1.5 1.4 16 23 34 46 6.6 8.5 9.1 6.6 6.5 4.3 3.8 38 40 41 5.0 45 42 42 
Social sciences? ..... 13.3 128 110 120 105 £97 8.3 7.9 7.9 75 77 100 113 148 #123 133 123 127 #=+115 #124 
Engineering ........ 1.7 23 24 3.2 36 47 46 5.9 4.2 3.7 49 4.3 6.0 40 54 50 £466 69 76 49 

Hispanic students 

All students 

nk onins s 00% 36.1 320 303 272 273 351 343 329 341 322 365 347 34.1 305 326 334 300 334 342 378 
Natural sviences'.... . 13.2 116 70 @6©668 79 89 93 6.8 8.4 8.1 8.8 8.6 8.2 68 73 74 74 88 94 102 
Math/comp. sciences... 2.7 —- = te 20 3.1 3.5 5.2 4.7 6.1 3.4 25 2.1 — fe 2 ie 24 20 26 
Social sciences” 13.0 106 119 94 88 104 7.4 9.0 8.3 78 11.5 114 125 126 128 128 97 120 125 136 
Engineering ........ 72 068810690 9.0 86 127 141 #119 127 1102 128 122 «113 90 103 109 103 102 103 114 

Male 

WEE 6 ct cesesees 411 395 376 340 354 413 417 398 403 417 443 #417 #«+#407 #£=354 387 390 348 376 387 423 
Natural sciences’. .... 15.7 14.0 73 78 97 94 9.0 7.9 8.8 9.0 99 8.7 8.7 75 78 89 74 92 98 106 
Math/comp. sciences.. 3.2 2.6 3.1 3.3 20 27 4.0 5.1 5.5 7.7 46 3.0 25 27 28 27 #4x36 32 28 40 
Social sciences? ..... 10.6 86 106 69 76 8368.1 5.1 7.3 6.4 7.7 8.4 8.0 10.1 93 99 79 68 81 94 91 
Engineering ........ 116 143 166 160 161 211 236 195 196 173 214 220 194 159 182 195 170 17.1 167 186 

Female 

EEE 4.65.03 6.006%% 302 240 234 210 210 300 269 266 287 244 300 290 289 267 282 289 257 295 296 347 
Natural sciences’... . . 10.4 89 66 6.1 62 87 94 56 8.0 7.3 7.8 8.6 78 61 70 62 79 84 87 102 
Math/comp. sciences. . 1.9 0.9 17 O09 2.1 3.5 29 5.4 4.0 48 2.2 2.1 1.8 2 2a 1.7 16 12 16 
Social sciences* ..... 16.0 128 130 119 100 124 92 105 10.3 7.9 14.1 14.2 14.7 153 153 162 124 153 153 17.2 
Engineering ........ 1.9 1.4 2.1 2.1 27 54 5.4 5.1 64 4.4 5.9 4.1 46 36 42 44 #437 42 44 57 
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Appendix table 2-13. Y 
Freshman choice of major in broad science and engineering fields, by race/ethnicity and sex: 1975-94 


e 


(page 3 of 3) 
Sex and field 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 
Percent 
Native American students 

All students 

Vote @Qe ........... 326 305 31.1 320 281 340 268 27.7 #261 27.1 264 296 307 308 327 309 303 309 308 300 
Natural sciences’... . . 13.4 13.7 97 93 96 7.6 6.6 6.7 6.7 9.2 6.9 7.7 8.4 74 65 106 8.4 9.1 95 94 
Math/comp. sciences . . 1.9 2.5 28 22 1.2 3.9 3.0 46 4.7 3.6 3.3 24 26 23 18 17 24 20 24 24 
Social sciences? .._.. 10.0 78 105 102 79 9.2 7.0 5.9 5.9 6.6 95 95 9.7 126 139 106 96 106 106 103 
Engineering ........ 7.3 6.5 8.1 103 94 133 102 105 8.8 7.7 6.7 10.0 10.0 85 105 80 99 92 83 68 

Male 

Pe 39.1 394 369 381 372 415 392 342 352 33.2 326 397 399 373 391 359 366 376 365 341 
Natural sciences’... . . 165 172 126 118 124 9.9 8.8 6.9 9.7 99 10.3 98 110 95 85 123 8.4 96 11.7 100 
Math/comp. sciences . . 2.3 3.4 3.8 1.9 2.2 48 4.7 6.1 5.1 3.5 46 3.0 3.4 34 20 22 3.3 30 28 35 
Social sciences? ..... 8.0 7.0 96 75 7.1 75 6.2 27 5.6 5.8 6.3 95 7.3 85 114 74 6.7 92 83 81 
Engineering ........ 123 118 109 169 158 193 195 185 14.8 14.0 11.4 17.4 182 159 172 140 182 158 13.7 125 

Female 

Pe 263 218 269 259 204 267 156 224 188 221 206 214 237 =256 28.1 268 255 255 265 265 
Natural sciences’... . . 104 106 70 8669 7.5 5.3 4.5 6.7 46 9.0 3.9 5.9 6.6 57 52 91 8.5 8.4 78 10.0 
Math/comp. sciences. . 1.4 1.6 28 26 02 3.2 1.5 3.1 4.4 3.7 2.1 1.8 1.9 14 15 13 1.7 12 21 16 
Social sciences? ..... 12.0 85 118 128 g7 113 7.7 8.9 6.1 7.4 12.1 95 114 16.1 156 130 119 118 122 12.1 
Engineering ...... ; 2.5 1.1 5.3 3.6 4.0 6.9 1.9 3.7 3.7 2.0 2.5 4.2 3.8 24 58 34 3.4 4.1 44 28 


S&E = science and engineering 
‘The natural sciences inciude all physical, earth, atmospheric, oceanographic, biological, and agricultural sciences. 
?The social and behavioral sciences include psychology. 
SOURCE: Higher Education Research Institute, University of California at Los Angeles, Survey of the American Freshman: National Norms, unpublished tabulations, 1995. 
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Appendix table 2-14. 
Freshmen choice of major in subfields of science and engineering,.by race/ethnicity: 1974-94 
1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 
——___—— —_—_—_ —___--_____—_____—___—Percen-———— ——— - 
White students 
TotalS&E........... 900 890 876 87.1 879 862 859 874 852 857 859 841 841 832 811 820 789 769 790 79.1 76.7 
Physical science .... . 917 918 895 905 914 899 900 899 879 895 890 851 874 873 877 860 865 825 838 826 803 
Biological science 909 905 886 894 890 881 883 878 858 852 82 838 827 818 799 808 778 762 784 786 778 
Social science....... 868 845 840 831 835 833 834 870 847 848 854 872 844 850 819 836 782 778 800 80.1 77.7 
Engineering ........ 915 908 888 880 892 867 861 875 858 873 878 834 84.1 816 808 812 793 761 772 773 738 
Asian students 
TotaiSa—E........... 15 18 #18 #$18 «+18 ~« 22 22 20 2.5 28 2.7 4.4 46 48 52 48 53 60 58 57 79 
Physical science .... . 20 21 23 27 #23 28 23 £28 3.6 3.5 4.0 6.1 5.4 50 55 44 #154 58 59 55 80 
Biological science 18 #24 24 #21 23 £22 25 25 3.2 4.2 3.9 6.6 7.1 77 86 70 £77 92 84 81 98 
Social science....... 08 10 09 10 10 ag 1.1 1.1 1.6 1.4 1.6 2.5 2.5 28 35 3.1 3.7 42 38 45 50 
Engineering ........ 17 21 24 24 22 31 29 27 3.0 3.4 3.5 5.7 5.8 60 65 64 64 67 69 63 105 
Black students 
TotaiS&e........... 67 76 85 86 82 91 97 86 104 9.7 9.5 9.4 8.6 96 106 103 121 132 112 114 11.1 
Physical science .... . 50 49 63 50 47 58 60 £56 6.9 6.0 5.6 7.7 5.3 57 50 72 £53 86 72 90 87 
Biological science 52 53 69 62 63 £467 70 87.1 8.9 7.9 9.5 6.8 6.8 76 78 90 1202 100 89 92 84 
Social science....... 103 122 125 128 127 127 124 10.1 10.7 119 114 89 103 97 115 102 141 137 115 109 12.1 
Engineering ........ 52 59 68 73 67 #=77 87 7.6 94 7.6 7.0 8.5 7.4 98 95 94 106 134 122 127 110 
Hispanic students 
I 13 15 13 #19 14 £20 1.6 1.3 1.8 1.3 1.2 1.6 2.1 19 23 23 25 27 41 59 71 
Physical science ..... 09 10 #13 O68 111 1.5 1.2 1.3 1.0 0.7 1.2 1.0 1.2 14 18 17 1.8 21 26 36 40 
Biological science .. . . 18 #19 #19 #19 #19 £422 19 26 2.0 1.8 1.9 1.8 2.2 22 27 22 25 28 42 59 41 
Social science. ..... . 15 2.1 18 26 20 26 2.1 1.4 2.0 1.5 1.2 1.5 2.1 19 25 24 27 29 49 75 56 
Engineering ........ 12 10 £111 15 13 1.6 1.3 1.3 1.7 1.3 1.1 1.5 2.1 19 22 22 25 258 38 83 &3 
Native American students 
Totaisae........... 09 Oo8 O09 O07 OF O8 O08 O99 0.9 1.0 0.9 0.9 0.9 10 O09 10 1.3 7 2 2 oA 
Physical science .... . 09 O7 12 O85 06 10 O06 08 0.9 1.3 0.6 0.8 1.1 11 O8 O09 21 6S 18 13 &t 
Biological science 114 #O9 10 08 O7 O7 08 08 1.0 1.1 15 1.2 1.0 11 10 O9 1.6 18 #18 #19 £420 
Social science....... 10 10 #10 O8 08 O08 009 1.1 0.9 1.4 0.6 0.9 1.0 10 O9 12 1.3 19 18 23 22 
Engineering ........ 07 O7 O7F O5S O06 OF O7 O89 0.9 0.9 0.7 0.6 0.9 10 O08 120 1.1 16 16 15 1.7 


S&E = science and engineering 


NOTE: Numbers may add to more than 100 because students may check more than one race/ethnicity, e.g. white and Hispanic 


SOURCE: Higher Education Research Institute, University of California at Los Angeles, Survey of the Amencan Freshman. National Norms, unpublished tabulations, 1995 


See figure 2-8. 
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40 ¢ Appendix A. Appendix Tables 


Appendix table 2-15. 
Student enrollment in postsecondary institutions, by disability status: 1992-93 


Undergraduate Graduate 
Students without Students with Students without Students with 
Field disabilities disabilities disabilities disabilities 
Percent 
ee 94.3 5.7 NA NA 
Agricultural sciences... . 91.0 9.0 94 4 5.6 
Math/comp sciences... . 93.1 6.9 95.9 4.1 
Biological science...... 95.7 43 96.2 3.8 
Physical science....... 93.6 6.4 95.1 49 
Social science ........ 95.5 45 96.0 40 
Engineering.......... 94.9 5.1 97.1 2.9 
0 ee 93.4 6.6 96.0 40 


S&E = science and engineering; NA = not available 


SOURCE: Nationai Center for Education Statistics, U.S. Department of Education, 1992-1993 National Postsecondary Student Aid Study, unpublished tabulations. 
1995 
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Appendix table 2-16. % 
Earned associate degrees, by sex and field: 1975-93 : 
Sex and fieid 1975 1977 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 - 
m 
Total & 
Alldegrees............ 362,969 409,942 407,471 405,710 420,910 440,000 461,888 457,851 459,087 451,258 440,816 441,093 440.375 459,048 486.297 508,704 519,098 3 
Science and engineering NA NA NA NA NA NA 23,901 28.183 26580 25.359 23,130 21520 19,733 19.810 19,352 22,722 23,420 é 
Natural sciences'...... NA NA NA NA NA NA 5,130 5,078 4416 4,016 3,694 3,818 3,712 3.996 4,112 4,585 4.787 > 
Math and computer . 
EE inte 6 6 NA NA NA NA NA NA 10,695 13,696 13,679 11,567 9,953 9,575 8.846 8600 8640 10,376 10.275 S 
Social and behavioral 
sciences*?........... NA NA NA NA NA NA 4803 4,852 4.562 4,487 4,894 4,231 4 440 4809 4,087 5,046 5,832 ~ 
Engineering.......... NA NA NA NA NA NA 3,273 4,557 3,923 5,289 4,589 3,896 2,735 2405 2,513 2,715 2.526 $ 
Engineering technology... 30,906 38588 41,716 43,696 52478 58574 51,332 50,718 53,693 49,904 49813 49640 48342 46931 45,104 40592 40,946 
Maies 
Alidegrees............ 191,855 212,120 193,696 185,329 190,152 198.696 208,830 204.517 204.325 197,955 192.227 191,912 187,125 192.433 200,043 208,856 213,263 
Science and engineering NA NA NA NA NA NA 13,184 15.736 14,746 14446 13,152 12,266 10,607 10568 10360 12,063 12,103 
Natural sciences’...... NA NA NA NA NA NA 3,003 2,974 2,511 2,216 2,113 2,151 1,965 2,195 2,278 2,605 2.686 
Math and computer 
ER taki iii @ « @ NA NA NA NA NA NA 5,390 7,007 7,128 6,015 5,297 5,028 4,563 4,431 4,438 5,187 5,123 
Social and behavioral 
sciences*........... NA NA NA NA NA NA 1876 1,713 1,606 1,588 1,650 1,617 1,671 1825 1,411 1,911 2,098 
Engineering... NA NA NA NA NA NA 2,915 4,042 3,501 4,627 4,092 3.470 2,408 2.117 2,233 2,360 2,196 
Engineering technology 29.108 34,957 36.749 37,847 45.329 50823 45536 45,108 47971 44364 44157 44047 42,766 41428 39,775 35,666 36,129 
Females 
Alidegrees............ 171,114 197,822 213,775 220,381 230,758 241,302 253,058 253,334 254.762 253,303 248,589 249.181 253.250 266.615 286.254 299.848 305,835 
Science and engineering NA NA NA NA NA NA 10,717 12,447 11,834 10.913 9.978 9,254 9,126 9242 6992 10,659 11.317 
Natural sciences'...... NA NA NA NA NA NA 2,127 2,104 1,905 1,800 1,581 1,667 1,747 1,801 1,834 1980 2,101 
Math and computer 
a NA NA NA NA NA NA 5,305 6,689 6,551 5,552 4.656 4,547 4,283 4169 4,202 5,189 5,152 
Social and behavioral 
sciences*?........... NA NA NA NA NA NA 2,927 3,139 2,956 2.899 3,244 2,614 2,769 2,984 2,676 3,135 3,734 
Engineering.......... NA NA NA NA NA NA 358 515 422 662 497 426 327 288 280 355 330 
Engineering technology. . 1,798 3,631 4,967 5,849 7,149 7,751 5,796 5,610 5,722 5,540 5,656 5,593 5,576 5,503 5,329 4,926 4,817 
NA = not available 
NOTE: Data on associate degrees are not available for broad science and engineering fields before 1983 
‘The natural sciences inciude ali physical, earth, atmospheric, oceanographic, biological, and agricultural sciences 
“The social and behavioral sciences include psychology. 
SOURCES National Center for Education Statistics, US Department of Education, Earned Degrees and Compietion Surveys, unpublished tabulations, and Science Resources Studies Division, National Science Foundation. 
unpublished tabulations. 
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42 ¢ Appendix A. Appendix Tables 
Appendix tabie 2-17. 
Earned associate degrees, by race/ethnicity and field: 1977-93 
Race/ethnicity and fieid 1977 1979 1981 1985 1987 1989 1990 1991 1992 1993 
Total, alidegrees........_...... 409.942 407.471 420,910 459,087 440816 440,375 459.048 486.297 508.704 519,098 
Science and engineering . . NA NA NA 28346 24743 22074 22.113 22082 22361 23,118 
Natural sciences’ .............. NA NA 4,691 3,950 3,952 4,286 4430 4,859 5,090 
Math and computer sciences... _. NA NA NA 13,679 9,953 8.846 8.600 8640 10346 10,255 
Social and behavioral sciences* NA NA NA 6,053 6,252 6544 6825 6502 4,441 5,248 
Ee NA NA NA 3,923 4,588 2,732 2,402 2510 2,715 2,525 
Engineering technology........... 38,244 40,891 51661 51579 47434 46.180 44739 42595 36015 38473 
White, alidegrees......-.-—s—s.s..... 342,382 331,173 339,183 355.422 345.546 330,557 343,629 376.869 388,049 392,637 
Science and engineering......... NA NA NA 19,616 17,666 15,525 15.421 15,695 15487 15,631 
Natural sciences’ .............. NA NA NA 3,548 3,078 3,231 3,458 3,574 3,878 3,989 
Math and computer sciences... ... NA NA NA 10,255 7,360 6,044 5,704 6.054 6,631 6,515 
Social and behavioral sciences? NA NA NA 3,553 3,993 4264 4,489 4200 2,892 3,241 
Engineering .................. NA NA NA 2,260 3,235 1,986 1,770 1,867 2,086 1,886 
Engineering technology........... 33,109 33,662 408604 40934 37,383 33,584 31.699 33.792 28242 28,442 
Asian, alidegrees.....-_ ss... 7,174 7617 8757 10,165 11,329 11,761 12,687 15,069 15,369 16.280 
Science and engineering.......... NA NA NA 864 1,094 891 909 912 1,118 1,108 
Natural sciences'.............. NA NA NA 86 112 120 179 220 253 228 
Math and computer sciences. ...... NA NA NA 511 464 401 411 388 548 528 
Social and behavioral sciences? NA NA NA 83 149 176 168 158 132 216 
NS Baik oe 666 66-90-06 0-0 NA NA NA 184 369 194 151 146 185 136 
Engineering technology........... 781 1,132 1,641 1570 1989 1663 1499 1496 1,311 1,358 
Black, alidegrees.............. 33,176 34,985 35.330 35.861 33858 32.185 32882 37854 38.721 41,260 
Science and engineering.......... NA NA NA 2,027 2,127 1,817 1,924 2,038 1,809 1,963 
Natural sciences’.............. NA NA NA 160 198 125 153 149 161 178 
Math and computer sciences NA NA NA 938 961 828 876 921 1,093 1,004 
Social and behavioral sciences’ NA NA NA 781 719 744 807 842 420 580 
check nbs on eee es NA NA NA 148 249 120 88 126 135 201 
Engineering technology........... 1990 2022 2,903 3,395 3,100 2.829 2648 3,030 2,445 2,698 
Hispanic, alidegrees......—-_.. 19,808 20,710 22,088 22,783 22804 23,475 24569 29,019 30,253 33,015 
Science and engineering.......... NA NA NA 1,776 2,031 1,744 1,473 1,740 1,773 2,152 
Natural sciences’ .............. NA NA NA 248 2681 236 215 232 238 30 
Math and computer sciences... . . . NA NA NA 676 620 609 591 677 918 1,086 
Social and behavioral sciences’ NA NA NA 726 761 723 569 678 485 613 
Engineering ....... NA NA NA 126 369 176 98 153 132 153 
Engineering technology . 1,644 1799 2,219 2,084 2,359 2232 2,298 2.411 2,317 2,398 
Native American, al! degrees 2499 233 2,564 2,953 3,049 3,102 3,290 3,772 3,874 4.213 
Science and engineering.......... NA NA NA 193 245 227 251 326 247 315 
Natural sciences’... ... NA NA NA 45 49 44 38 66 58 73 
Math and computer sciences NA NA NA 56 49 67 Ra 91 69 116 
Social and behavioral sciences’ NA NA NA 81 120 104 117 148 106 118 
Engineering ....... NA NA Nz 1 27 12 12 21 14 8 
Engineering technology . . 204 191 285 267 219 257 168 232 175 210 
Foreign citizen, all degrees 3,331 4554 6,645 6.426 4,485 5,969 5,937 6,977 8,027 9,024 
Science and engineering . NA NA NA 616 408 461 32 368 520 637 
Natural sciences’ paoues ' NA NA NA 74 81 97 75 73 109 138 
Math and computer sciences ... NA NA NA 313 177 205 169 171 251 284 
Social and behavioral sciences’ NA NA NA 73 30 76 48 56 80 137 
Engineering ......... NA NA NA 156 120 83 70 68 80 78 
Engineering technology . 393 585 1,055 680 575 533 467 526 504 380 


NA = not available 


NOTES Data on associate degrees are not available for broad science and engineering fields before 1963 Data by racial/ethnic group were collected on a bienmal 
schedule until 1990 Data by racial/ethnic group are collected by broad fields of study only: therefore, these data cannot be adjusted to the exact field taxonomies 
used by the National Science Foundation 


‘The natural sciences inciude all physical, earth. atmosphenc, oceanographic, biological. and agricultural sciences 
?The social and behaviorai sciences include psychology, sociology. and other social sciences 


SOURCES National Center for Education Statistics, US Department of Education. Earned Degrees and Completion Surveys. unpublished tabulations. and Science 
Resources Studies Division. National Science Foundation. unpublished tabulations 
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Appendix table 2-18. 
Earned bachelor’s degrees, by sex and field: 1975-93 


PYF” 


(page 1 of 2) 
Field 1975 1977 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
Total 
Alldegrees........... 931,663 928228 931,340 940251 946.877 964043 980.679 986345 990,877 1,000,204 1,003,532 1,006,033 1,030,171 1,062,151 1,107,997 1,150,072 1,179,278 
Science and engineering... 313,555 303,798 303,162 304,695 306,792 315,023 317,875 324483 332,422 335,460 331,526 322,482 322,821 329,094 337,675 355,265 366,035 
Natural sciences....... 87,199 93,179 90,120 87,567 84,062 81,859 79.315 76475 75,429 72,499 68,724 64,734 62,860 62,652 65,189 71,269 77,312 
Pommiem.......-.---- 16,001 16937 17,257 17,470 17,446 17,263 16,197 15,831 16.270 15,784 15464 14255 14,148 13425 13,678 13,875 14,188 
Earth/atm/ocean...... 4.877 5,653 6,082 6,155 6,694 7,061 7,298 7,925 7,576 6,076 4689 3,554 3,181 2,776 2,728 3,201 3,503 
Biological & agricultural. 66,321 70,589 66,781 63,942 59,922 57,535 55820 52,719 51,583 50,639 48571 46925 45531 46451 48,783 54,193 59,621 
Math/computer sciences . 23,385 20,729 20670 22,686 26,406 32,139 37,239 45,777 54388 58583 56442 50877 46.277 42,369 40,194 39.889 39,433 
Mathematics......... 18.346 14303 11,901 11,473 11,173 11,708 12557 13,342 15,267 16.388 16515 15981 15,314 14674 14,784 14931 14,853 
Computer science... . . 5,039 6,426 8.769 11,213 15.233 20431 24682 32435 39.121 42,195 39927 34896 30,963 27,695 25410 24958 24,580 
Social & behav. sciences. 163,147 148.533 138,903 135,632 132,607 133,565 128.651 126,078 125,033 127.558 131,935 136.717 146,737 159,368 170,105 182.166 186,585 
Psychology.......... 51436 47,794 43,012 42,513 41,364 41539 40825 40375 40,237 40,937 43,195 45.378 48954 54018 58893 64,033 67,251 
Social science........ 111,711 100,739 95,891 93,119 91,243 92026 87,826 85,703 84,796 86,621 88,740 91339 97,783 105,350 111,212 118,133 119,334 
Engineering .......... 39,824 41357 53,469 58,810 63,717 67,460 72,670 76,153 77,572 76,820 74,425 70,154 66.947 64,705 62,187 61,941 62,705 
Chemical engineering . . 3,420 3,986 6,442 7,276 7,639 8,059 8,550 9,192 8,941 7,411 6.114 4,654 4,187 3,834 3,728 4.123 4.89S 
Civil engineering... ... 8,289 8898 10583 11,046 11,331 11,280 10,747 10,351 9,730 9 223 8.746 8,131 8.015 7,992 8,083 8,920 9,788 
Electrical engineering .. 10,246 10,018 12440 13,902 15,040 16553 19205 21541 23,668 26.112 26,791 25942 24318 23,015 21,520 20256 19,598 
Industrial engineering . . 2,583 2,264 2,804 3,217 3,878 4.044 3,824 4,020 4,009 4,255 4313 4,259 4.121 4,041 3,820 4,029 3,584 
Mechanical engineering . 7,089 7,927 10360 12,020 13,573 14315 16,031 17,040 17,200 16586 15,723 15,331 15,217 14693 14263 14,352 14,708 
Other engineering ..... 8,197 8.264 10840 11,349 12,256 13,209 14313 14009 14,024 13,233 12,738 11,837 11,089 11,130 10773 10,261 10,128 
Engineering technology . . 8,589 9864 10906 12,180 13,567 14,778 18663 20225 20533 20,928 20577 20447 20098 19,150 18294 17,118 17,022 
Male 

Alidegrees............ 508,424 499.121 481,394 477,750 474,336 477,543 483,395 486,750 486.660 490.143 485,003 481.236 487,566 495.867 508,952 525.395 537,536 
Science and engineering... 210,741 198,805 193,247 191,215 190,977 193,624 194538 199,262 203.464 204,771 199,981 191,549 189.338 189,082 189.328 195.779 200,315 
Natural sciences....... 63,977 65,378 60,047 56,909 53,430 51,213 48379 46482 45.447 43,405 40,589 36930 36,009 35.157 36206 38.939 42,316 
Physical............ 12,990 13,560 13,358 13,285 13.137 12,737 11,586 11,175 11,434 11,088 10,792 9673 9,777 9,106 9,253 9.289 9,424 
Earth/atm/ocean...... 4,050 4,479 4,695 4693 5,028 5,254 5,450 5,991 5,715 4,722 3,629 2,707 2,380 2,001 1,946 2,177 2,453 
Bioloc -al & agricultural. 46,937 47,339 41,994 38,931 35.265 33,222 31,343 29316 28,298 27,595 26.168 24550 23,852 24,050 25.007 27.473 30,439 
Math/computer sciences 14,729 13,241 13,249 14439 16672 19,966 22,749 27,797 32,921 35,841 34,871 32,112 29682 27,184 25700 25693 25,483 
Mathematics......... 10,646 8,354 6,943 6,625 6,392 6,650 7,059 7,428 8,231 8,772 8.833 8,569 8,264 7,863 7,804 7,945 7,854 
Computer science... . . 4,083 4,887 6,306 7.814 10,280 13,316 15690 20369 24690 27,069 26038 23,543 21,418 19,321 17896 17,748 17,629 
Social & behav. sciences. 93,056 80873 71,363 67,009 64,221 63,260 60392 59559 58.770 59843 61,500 63,132 66888 72,009 74900 78842 79,792 
Psychology.......... 24.333 20692 16649 15.590 14447 13,756 13.228 12949 12815 12691 13,399 13,584 14,291 15399 16155 17.130 18,029 
Social science........ 68,723 60,181 54.714 51419 49.774 49504 47,164 46610 45.955 47,152 48,101 49,548 52597 56610 58.745 61,712 61,763 
Engineering ......... 38,979 39,313 48588 52.858 56.654 59.185 63,018 65424 66.326 65,682 63,021 59,375 56.759 54,732 52522 52.305 52,724 
Chemical engineering . . 3,273 3,534 5,387 5,989 6,274 6,447 6,761 7,115 6,848 5,805 4574 3,522 3,017 2.745 2,564 2,854 3,335 
Civil engineering... ... 8,116 8,413 9,534 9.959 10,100 9,962 9,263 8,928 8.388 7,994 7.550 6,960 6,841 6.730 6,803 7,395 8,009 
Electrical engineering .. 10,116 9.750 11,781 13,000 13,940 15.142 17,283 19252 20936 22885 23.227 22418 21,130 20,148 18757 17,801 17,339 
Industrial engineering .. 2,524 2,115 2,376 2,672 3,111 3,092 2,824 2,949 2,842 2.974 2,929 3,014 2.860 2,835 2,723 2,890 2,547 
(continued) 
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Appendix table 2-18. 
Earned bachelor’s degrees, by sex and field: 1975-93 


(page 2 of 2) 

Field 1975 1977 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
Mechanical engineering . 7,005 7,685 9.740 11,127 12,422 13,049 14546 15228 15399 14876 13,996 13,567 13,537 12,978 12,673 12,791 13,076 
Other engineering... .. 7,945 7,816 9.770 10,111 10,807 11493 12341 11,952 11913 11,148 10745 9894 9,374 9296 9,002 8574 8.418 
Engineering technology . . 8,054 9,173 9.942 10930 12,032 13,079 16529 18,052 18278 18,734 18429 18337 17,999 17,113 16329 15,314 15,114 

Female 

Alldegrees........... 423,239 429.107 449.946 462,501 472,541 486,500 497,284 499.595 504,217 510,061 518,529 524,797 542.605 566,284 599.045 624.677 641,742 

Science and engineering... 102,814 104,993 109,915 113,480115,815 121,399 123.337 125,221 128,958 130,689 131,545 130,933 133,483 140,012 148,347 159,486 165,720 
Natural sciences....... 23,222 27,801 30,073 30,658 30,632 30646 30,936 29,993 29,982 29.094 28,135 27,804 26,851 27,495 28983 32,330 34,996 
namin eneees 3,011 3,377 3,899 4185 4,309 4,526 4,611 4656 4,836 4,696 4672 4,582 4,371 4319 4425 4586 4,764 
Earth/atm/ocean...... 827 1,174 1,387 1462 1666 1807 1848 1,934 1,861 1,354 1,060 847 801 775 782 1,024 1,050 
Biological & agricultural. 19,384 23,250 24,787 25,011 24657 24313 24477 23,403 23,285 23,044 22403 22,375 21,679 22,401 23,776 26,720 29,182 
Math/computer sciences . 8,656 7,488 7,421 8,247 9,734 12,173 14,490 17,980 21,467 22,742 21,571 18,765 16595 15,185 14,494 14196 13,950 
Mathematics......... 7,700 5,949 4958 4848 4,781 5,058 5,498 5,914 7,036 7,616 7,682 7,412 7,050 6,811 6,980 6986 6,999 
Computer science..... 956 1,539 2,463 3,399 4,953 7,115 8.992 12,066 14,431 15,126 13,889 11,353 9,545 8.374 7,514 7,210 £46,951 
Social & behav. sciences. 70,091 67.660 67,540 68,623 68,386 70,305 68,259 66519 66,263 67,715 70435 73,585 79,849 87,359 95,205 103,324 106,793 
Psychology.......... 27,103 27,102 26,363 26,923 26,917 27,783 27,597 27,426 27,422 28,246 29.796 31,794 34663 38,619 42,738 46,903 49,222 
Social science........ 42,988 40558 41,177 41,700 41,469 42522 40,662 39,093 38841 39469 40639 41,791 45,186 48,740 52,467 56421 57,571 
Engineering .......... 845 2,044 4,881 5,952 7,063 8.275 9,652 10,729 11,246 11,138 11,404 10,779 10,188 9973 9665 9636 9,981 
Chemical engineering . . 147 452 1,055 1,287 1,365 1,612 1,789 2,077 2,093 1,606 1,540 1,132 1,170 1,089 1,164 1,269 1,564 
Civil engineering .... . . 173 485 1,049 1,087 1,231 1318 1484 1423 1342 1229 1,196 1,171 1,174 1,262 1,280 1525 1,779 
Electrical engineering . . 130 268 659 902 1,100 1,411 1,922 2,289 2,732 3,227 3,564 3,524 3,188 2,867 2,763 2455 2,259 
Industrial engineering . . 59 149 428 545 767 952 1,000 1,071 1,167 1,281 1,384 1,245 1,261 1.206 1,097 1,139 1,037 
Mechanical engineering . 84 242 620 893 1,151 1,266 1,485 1,812 1,801 1,710 1,727 1,764 1,680 1.715 1,590 1,561 1,632 
Other engineering... ... 252 448 1,070 1,238 1,449 1,716 1,972 2,057 2,111 2,085 1,993 1,943 1,715 1834 1,771 1,687 1,710 
Engineering technology . . 535 691 964 1,250 1,533 1,699 2,134 2,173 2,255 2,194 2,148 2,110 2,099 2,037 1,965 1,804 1,908 


SOURCES: National Center for Education Statistics, US. Department of Education, Earned Degrees and Completion Surveys, unpublished tabulations; and Science Resources Studies Division, National Science Foundation, 
unpublished tabulations 


See figures 2-9 and 2-10. 
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Appendix table 2-19. 


Earned bachelor’s degrees, by race/ethnicity, citizenship, and field: 1977-93 


(page 1 of 2) 


Race/ethnicity and field 1977 1979 1981 1985 1987 1989 1991 1993 
Total,alidegrees ..................... 928,228 931,340 946,877 990,877 1,003,532 1,030,171 1,107,997 1,179,278 
Science and engineering................. 337,834 334632 337,739 342,970 343,070 337,431 356,785 388,435 
Ee 98,342 96,186 90,254 75,670 68,929 63,073 65,401 77,395 
Math and computer sciences............. 20,729 20,670 26,406 54,388 56,442 46,277 40,194 39,347 
Socia! and behavioral sciences*........... 169,086 154,976 145,684 135,341 143,276 161,134 189,004 209,023 
a 49,677 62,800 75,395 77,571 74,423 66,947 62,186 62,670 
Engineering technology ................. NA NA NA 20,533 20,577 . 20,098 18,294 16,987 
U.S. citizens and permanent residents 
White, allidegrees..................... 807,857 802,665 807,509 826.356 819,477 840326 892,363 931,603 
Science and engineering................. 292,802 287,126 284,166 281,394 272,090 266862 278,190 297,171 
Natural sciences'..................... 88,308 85,403 78,778 63,592 55,898 50,580 51,113 59,577 
Math and computer sciences............. 18,110 17,633 22,013 43,484 42,446 33,998 28,998 27 824 
Social and behavioral sciences*........... 144,312 131,439 122,519 113,326 117,255 132,203 152,917 164,917 
EE 42,072 52,651 60,856 60,992 56,491 50,081 45,162 44,853 
Engineering technology ................. NA NA NA 16,673 16,541 16,156 14,279 13,245 
Asian, alidegrees..................... 13,907 15,542 18,908 25,562 31,921 37,573 41,725 50,587 
Science and engineering................. 6,203 7,171 9,145 13,323 16,934 19,138 20,552 24,504 
Natural sciences'..................... 1,935 2,227 2,406 2,880 3,641 3,973 4,670 6,364 
Math and computer sciences............. 479 587 1,061 2,929 3,489 3,287 2,925 3,160 
Social and behavioral sciences?........... 2,578 2,499 2,612 3,032 4,214 5,803 6,737 8,573 
Cs + ie td ee eseeeeeeeceene es 1,211 1,858 3,066 4,482 5,590 6,075 6,220 6,407 
Engineering technology ................. 0 0 0 542 807 839 768 768 
Black, alidegrees..................... 58,700 60,301 60,729 57,563 55,102 56,837 65,009 76,667 
Science and engineering................. 19,552 18,827 18,895 17,040 17,230 17,385 19,987 24,421 
a 3,416 3,541 3,561 3,096 2,870 2,756 3,026 3,794 
Math and computer sciences............. 1,073 1,159 1,371 2,913 3,654 3,249 2,808 3,178 
Social and behavioral sciences*........... 13,678 12,352 11,514 8,992 8,391 9,313 11,924 14,872 
PERS ¢ weg hacgacerteseeseresses 1,385 1,775 2,449 2,039 2,315 2,067 2,229 2,577 
Engineering technology ................. 0 0 0 1,277 1,269 1,208 1,227 1,132 
Hispanic, alldegrees .................. 27,043 29,719 33,167 36,391 38,196 41,361 49,027 57,845 
Science and engineering................. 9,628 10,432 11,312 12,031 12,419 13,327 15,351 18,442 
Natural sciences’................... , 2,271 2,634 2,958 2,979 2,964 2,849 3,010 3,468 
Math and computer sciences............. 435 495 688 1,380 1,696 1,568 1,695 1,566 
Social and behavioral sciences*........... 5,632 5,748 5,846 5,485 5,205 6,349 8,080 10,447 
EE, 6666460604040 6 o00608s0082 1,290 1,555 1,820 2,187 2,554 2,561 2,566 2,961 
Engineering technology ................. 0 0 0 525 664 634 731 853 
Native American, alidegrees .......... 3,328 3,410 3,593 4,246 3,866 3,967 4,486 5,574 
Science and engineering................. 1,166 1,194 1,206 1,384 1,290 1,238 1,344 1,819 
Natural sciences’.................... 338 296 298 313 259 265 298 368 
Math and computer sciences.......... i 41 52 39 198 164 143 123 136 
Social and behavioral sciences*........... 652 682 674 664 657 653 765 1,139 
Engineering..... 2... ... 20.0000 000 eee 135 164 195 209 210 177 158 176 
Engineering technology ................. 0 0 0 103 78 105 75 111 
(continued) 
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Appendix table 2-19. 
Earned bachelor’s degrees, by race/ethnicity, citizenship, and field: 1977-93 


(page 2 of 2) 
Race/ethnicity and field 1977 1979 1981 1985 1987 1989 1991 1993 
Foreign citizens 

I << on 636 o0Cee dN 26008 86842 15,744 17,853 22,631 29,258 28,592 26,457 29.657 32,371 

Science and engineering................. 8,297 9,798 12,966 14,071 13,677 12,323 12,724 13,802 
I ow cence cccccecesens 2,042 2,061 2,251 2,132 1,786 1,744 1,941 2,330 
Math and computer sciences............. 583 741 1,233 2,879 3,233 2,678 2,615 2,756 
Social and behavioral sciences*........... 2,098 2,232 2,519 2,870 2,769 2,829 3,586 4,211 
EE oe 3,574 4,764 6,963 6,190 5,889 5,072 4,582 4,505 

Engineering technology ................. NA NA NA 1,277 986 659 712 441 


NA = not available 


NOTES: Data by racial/ethnic group were collected on a biennial schedule until 1990. Data by racial/ethnic group are collected by broad fields of study only; therefore, 
these data cannot be adjusted to the exact field taxonomies used by the National Science Foundation. 


‘The natural sciences include all physical, earth, atmospheric, oceanographic, biological, and agricultural sciences. 
“The social and behavioral sciences include psychology, sociology, and other social sciences. 


SOURCE: Science Resources Studies Division, National Science Foundation, Science and Engineering Degrees, by Race/Ethnicity of Recipients. 1977-93 (Arlington, 
VA: NSF, 1995). 


See text table 2-4 and figure 2-15. Science & Engineering indicators — 1996 
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Appendix table 2-20. 
Distribution of total higher education faculty, by field, sex, and race/ethnicity: 1993 
Native 
Field Total Male Female White Asian Black Hispanic American 
ere ee eee LED 
Total, alifields .......... 899,767 565,229 334,526 787,207 43,076 43,449 25,063 4,590 
Natural sciences.......... 99,067 79,442 19,624 88,340 5,757 2,979 1,834 155 
Physical sciences........ 38,177 32,916 5,261 33,569 2,986 861 756 5 
Biological sciences ....... 48,035 34,940 13,095 42,591 2,595 1,845 874 129 
Agricultural sciences...... 12,855 11,586 1,268 12,180 176 273 204 21 
Math/computer sciences .... 72,510 52,591 19,919 65,254 5,614 2,916 1,778 564 
Mathematics............ 47,456 32,548 14,908 40,200 3,511 2,167 1,271 307 
Computer science........ 25,054 20,043 5,011 25,054 2,103 749 508 257 
Social/behavioral sciences. . . 87,734 59,523 28,210 77,222 2,842 4,996 2,281 393 
Psychology............. 31,173 17,746 13,426 28,393 514 1,477 664 124 
Social sciences.......... 56,561 41,777 14,784 48,829 2,328 3,519 1,617 269 
Engineering ............. 35,130 32,944 2,187 27,932 5,156 809 907 327 
Non-S&E ............... 605,326 340,729 264,597 528,459 23,704 31,749 18,262 3,151 
- ree 
Total, alifields ........... 100.0 62.8 37.2 87.5 48 4.8 2.8 0.5 
Natural sciences.......... 11.0 8.8 2.2 9.8 0.6 0.3 0.2 0.0 
Physical sciences........ 42 3.7 0.6 3.7 0.3 0.1 0.1 0.0 
Biological sciences ....... 5.3 3.9 1.5 4.7 0.3 0.2 0.1 0.0 
Agricultural sciences...... 1.4 1.3 0.1 1.4 0.0 0.0 0.0 0.0 
Math/computer sciences .... 8.1 5.9 2.2 7.3 0.6 0.3 0.2 0.1 
Mathematics............ 5.3 3.6 1.7 45 0.4 0.2 0.1 0.0 
Computer science........ 2.8 2.2 0.6 2.8 0.2 0.1 0.1 0.0 
Social/behavioral sciences. . . 9.8 6.6 3.1 8.6 0.3 0.6 0.3 0.0 
Poyohology............. 3.5 2.0 1.5 3.2 0.1 0.2 0.1 0.0 
Social sciences.......... 6.3 4.6 1.6 5.4 0.3 0.4 0.2 0.0 
Engineering............. 3.9 3.7 0.2 3.1 0.6 0.1 0.1 0.0 
en 67.3 37.9 29.4 58.7 2.6 3.5 2.0 0.4 


S&E = science & engineering 
SOURCE: National Center for Education Statistics, US. Department of Education, 1992-93 Nationa! Study of Post-Secondary Faculty, unpublished tabulations, 1995. 
See text table 2-5 Science & Engineering indicators -- 1996 
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Appendix table 2-21. 
Full-time higher education faculty in science and engineering fields, by academic rank and sex: 1993 


Academic rank Total Male Female Total Male Female 
Number ee 
re 210,998 169,173 41,825 100.0 80.1 19.9 
Full professor............. 78,803 71,001 7,802 37.4 33.7 3.7 
Associate professor......... 50,699 41,038 9,660 24.0 19.4 46 
Assistant professor ......... 44,691 31,972 44,691 21.2 15.2 6.0 
I on ote 0-00 0.0 00 20,681 14,236 6,445 9.8 6.7 3.1 
CE. wc cccagesneonusn 3,110 2,006 1,103 1.4 0.9 0.5 
rr 13,013 8,919 4,093 6.2 42 2.0 
SOURCE: Nationa! Center for Education Statistics, US. Department of Education, 1992-93 National Study of Post-Secondary Faculty, unpublished tabulations, 1995. 
See text table 2-6. Science & Engineering indicators - 1996 
Appendix table 2-22. 
Higher education faculty, by field and citizenship status: 1993 
U.S. citizens Non-U.S. citizens 
Permanent Temporary 
Field Total Native Naturalized residents residents 
SPs Ter rrr 553,751 470,842 40,334 34,877 7,697 
Natural sciences.......... 99,066 83,737 7,963 6,077 1,290 
Physical sciences........ 38,177 30,943 4,048 2,696 490 
Biological sciences ....... 48,035 41,053 3,230 3,040 712 
Agricultural sciences... ... 12,854 11,741 685 340 88 
Math/comp. sciences ..... 72,510 61,517 4,903 4,683 1,407 
Mathematics............ 47,456 39,982 3,627 2,779 1,069 
Computer science........ 25,054 21,535 1,276 1,905 338 
Social sciences........... 87,734 77,932 4,460 4,547 796 
Psychology............. 31,173 29,573 788 680 132 
Social science .......... 56,561 48,359 3,672 3,866 664 
Engineering............. 35,130 24,470 5,684 4,264 713 


SOURCE: Nationai Center for Education Statistics, U.S. Department of Education, 1992-93 Nationa! Study of Post-Secondary Faculty, unpublished tabulations, 1995. 
See text table 2-7 Science & Engineering indicators - 1996 
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Appendix table 2-23. 
Graduate enroliment in science and engineering, by race/ethnicity, citizenship, and field: 1983-93 
Field 1983 1985 1987 1988 1989 1990 1991 1992 1993 
Total enroliment 
Total science and engineering .... 347,014 358,201 373,425 375,579 383,227 397,866 413,559 431444 438,052 
Natural sciences’ ........... 102,968 103,990 104974 105580 117,348 119.472 112643 116879 119,769 
Math and computer sciences .. . 40,713 47,341 50,575 51,323 51,766 54.165 54.668 56,700 56,511 
Social and behavioral sciences*.. 112.236 110,808 113,939 115.732 120,069 126,607 132,606 139.748 144,666 
Engineering ............... $1,097 95,982 103,937 102944 104,044 107,622 113,642 118,117 117,106 
White enroliment 
Total science and engineering.... 224.705 224,705 224,705 224705 224705 224705 224,705 #224705 224,705 
Natural sciences’ ............ 74,337 71,971 69,100 68,769 68,143 68,825 69,607 71,488 72,765 
Math and computer sciences .... 23,823 25,511 26,806 27,492 26,585 28,001 27,027 27,841 27,520 
Social and behavioral sciences? 77,963 76,129 79,157 80,583 83,930 89,095 92,919 97,348 100,424 
Engineering ................ 48,582 48,582 48 582 48 582 48 582 48 582 48,582 48,582 48 582 
Asian enroliment 
Total science and engineering.... 9,353 12,000 14,572 15,176 15,650 17,128 18,072 21,840 24.401 
Natural sciences’ ............ 2,378 2,712 3,043 3,441 3,569 3,897 4216 5,041 6,204 
Math and computer sciences .... 1,666 2,491 3,235 3,438 3,430 3,714 3,724 4,345 4.606 
Social and behavioral sciences’ _ . 1,903 1,992 2,436 2,366 2.647 2,840 3,042 3,952 4,480 
Engineering ................ 3,406 4,805 5,858 5,931 6,004 6.677 7,090 8,502 9.111 
Black enroliment 
Total science and engineering .... 10,903 10,462 10,429 11,201 11,771 12,786 13,694 15,457 17,181 
Natural sciences’ ........ 1.980 1,982 1,817 1,976 2,095 2,186 2,304 2,716 3,071 
Math and computer sciences ..__ . 971 1,031 1,210 1,261 1,311 1,499 1,619 1,668 1,891 
Social and behavioral sciences* 6,574 6,062 5,986 6.462 6,746 7,313 7,743 8,696 9,651 
Engineering 1,378 1,387 1,416 1,502 1,619 1,788 2,028 2.377 2.568 
Hispanic enroliment 
Total science and engineering 8.811 8,613 8,823 9,102 9,438 10,180 11,064 12,278 13,446 
Natura! sciences’ . 1.919 2,092 2.071 2,228 2.386 2,378 2,555 2,726 3,061 
Math and computer sciences 615 750 817 844 847 920 982 1,080 1,118 
Socia! and behavioral sciences? . . 4836 4,290 4,205 4 308 4,497 4,995 5,402 6,008 6,570 
Engineering 1,441 1,481 1,730 1,722 1,708 1,887 2,125 2,464 2,697 
Native American enroliment 
Total science and engineering 911 73% 783 920 861 1,053 1,120 1,240 1,318 
Natural sciences’ 224 167 183 216 160 254 251 282 318 
Math and computer sciences . 53 79 76 71 74 64 62 96 99 
Social and behavioral! sciences’ 454 368 401 490 485 583 622 685 689 
Engineering . 180 122 123 143 122 152 185 177 212 
Unknown race/ethnicity enroliment 
Total science and engineering 22,101 25,825 21,160 16,269 17,284 14,742 16,547 17,116 17,901 
Natural sciences’ 3,862 4,819 4,348 2,807 2,871 2,044 2.304 2.811 3,077 
Math and computer sciences 3,178 4.637 3,525 2,808 3,142 2,478 3,002 3,052 3,126 
Social and behavioral sciences’ 6,443 7,145 5,646 4639 4.839 4 484 5,174 5,529 5,971 
Engineering 8.618 9,224 7,641 6,015 6.432 5,756 6,067 5,724 5,727 
Foreign citizen enroliment 
Total science and engineering 70,230 76,813 88,794 93,678 98,093 102,848 108,703 109,417 105,527 
Natural sciences’ 18.268 24,327 24,412 26,143 28,104 29.888 31,406 31,815 31,273 
Math and computer sciences 10,407 12,842 14,906 15,409 16,377 17,489 18.252 18,618 18,151 
Social and behaviora! sciences’ 14,063 14,830 16,108 16,884 16,925 17,297 17,704 17,530 16,881 
Engineering 27,492 28,822 33,368 35,242 36,687 38,174 41,341 41 454 39,222 


‘The natural sciences include all physical, earth. atmosphernc, oceanographic, biological, and agricultural sciences 
“The social and behavioral sciences include psychology. sociology. and other socia! sciences 


SOURCE: Science Resources Studies Division. Nationa! Science Foundation, Selected Data on Graduate Students and Postdoctorates in Science and Engineenng 
Fali 1993, NSF 93-316 (Arlington, VA: NSF, 1995) 
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Appendix table 2-24. 
Graduate enroliment in engineering, by citizenship: 1965-94 

US. citizens and Foreign 
Year Total permanent residents students 
aa eee 95,505 69,930 25.575 
Pin cctndeeenueds ees 107,196 77,895 29,301 
i ee  eaeunea 110,778 78,609 32,169 
1988... 6 ee ee, 112,007 76,579 35,428 
1989... eee eee. 114,048 77,133 36,915 
i: <sesecepenenens ve 117,834 78,687 39,147 
iii écescusveseteer - 123,497 81,948 41,549 
1992. ..... 0... eee a 128,854 84.831 44,023 
tt. antesepenke paces ee 128,081 85,435 42,646 
ae tiaik ok oi cacti nth eile nied 122,242 82,325 39,917 


NOTE. includes full-time and pert-time students 


SOURCE. Engineering Workforce Commission of the American Association of Engineering Societies, Engineering and Technology 
Enroliments, Fall 1979-1994 (Washington, DC, 1995), unpublished tabulations. The schools surveyed by The Engineering 
Workforce Comrussion for engineering enroliments are slightly different than those surveyed by the National Science Foundation 
for graduate enroliments in ail fields of science and engineering, therefore. numbers of foreign students reported are slightly difler- 
ent 


See appendix table 2-23 and figure 2-11 Science & Engineering indicators - 1996 


Appendix table 2-25. 
Graduate enroliment in science and engineering, by sex and field: 1977-93 ' 
Field 1977 1979 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 w 
Mm 
Total enroliment : 
Science and engineering ......... 311,819 319,178 332,106 338,896 347,014 349.875 358.201 368.212 373,425 375,579 383,227 397,866 413,559 431,444 438,052 
Natural sciences’.............. 101,224 100,878 100,612 101,755 102,968 103,547 104,070 105,541 104974 105580 107,348 109.472 112,643 116,879 119,769 a 
Math and computer sciences 25.160 26.736 32,339 36.990 40.713 42,985 47341 49316 50575 51323 51,766 54165 54668 56.700 56511 > 
Social and behaviora! sciences* 116,750 119,851 119,621 116,485 112.236 110,647 110,808 111,499 113,939 115,732 120,069 126,607 132,606 139,748 144,666 
Engineering . 68.685 71,713 79.534 83.666 91,097 92.696 95.982 101,856 103,937 102,944 104,044 107,622 113,642 118,117 117,106 S 
i 
Male enroliment : 
Science and engineering .......... 233,867 229.864 232.225 235,325 240.492 242.265 247.531 253,756 256.196 254.150 256.963 263,644 272.200 280.760 280,559 
Natural sciences’............... 76,078 72,949 70,708 70,357 70,703 70,865 70,748 71,311 70,688 69892 70,292 70.878 71876 73,874 74,304 
Math and computer sciences ...... 19.482 20,386 23.642 26466 28.895 30941 34424 35.978 36.957 37,348 37,788 39.738 40,091 41,719 41,392 
Social and behavioral sciences* 73,322 70,687 66.080 63,611 59.600 58.057 57.455 56.969 57.570 57.115 58.467 60,096 62,326 64,305 65,492 
oo ee 64.985 65.842 71,795 74,891 81,294 82402 84904 89498 90981 89.795 90416 92932 97,907 100862 99,371 
Fernale enroliment 
Science and engineering ....... 77,952 89.314 99,881 103,571 106,522 107,610 110,670 114,456 117,229 121,429 126.264 134,222 141,359 150,684 157,493 
Natural esciences’............... 25.146 27,929 29.904 31,398 32.265 32,682 33,322 3423 34286 35,688 37,056 38,594 40.767 43,005 45,465 
Math and computer sciences ...._. 5,678 6,350 8.697 10524 11,818 12,044 12917 13,338 13,618 13.975 13,978 14.427 14577 14,981 15,119 
Social and behaviora: sciences? 43,428 49,164 53,541 52874 52636 52,590 53.353 54530 56.369 58617 61,602 66,511 70,280 75,443 79,174 
ee 3,700 5,871 7,739 8,775 9.803 10,294 11078 12358 12,956 13,149 13,628 14.690 15,735 17,255 17,735 


“The social and behavioral sciences include psychology 
SOURCE: Science Resources Studies Division, National Science Foundation, Selected Data on Graduate Students and Postdoctorates in Science and Engineering, Fall 1993, NSF 95-316 (Arlington, VA: NSF. 1995) 
See figure 2-12 Science & Engineenng indicators - 1996 
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Appendix table 2-26. 


Earned master’s degrees, by sex and field: 1975-93 


(pee 1 of 2) 
Fieid 1975 1977 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1997 1992 1993 
Total 
All degrees. . ... 293,651 318,241 302.075 299.095 296.798 296.580 290.931 285.462 287.213 289.829 290.532 300,091 311,050 324.947 338,498 354.207 370,973 
Science and engineenng 63.198 67,397 64226 64,089 64366 66.568 67.716 68564 70562 71831 72603 73.655 76425 77.788 78368 81,107 86.425 
Natural sciences. ; 14.831 15,360 15443 14832 14349 14,702 14380 14231 13.972 13,910 13,400 13,164 13218 12928 12682 13232 13,474 
Physical. . . 4298 3,641 3,650 3408 3336 3491 3285 3544 3605 3649 3574 3708 3876 3805 3777 3922 3,965 
EarthVatm/ocean 1,503 1,659 1,777 1,733 1,876 2012 £1,959 1,982 2.160 22344 2,051 1,920 1,819 1,596 1,499 1,425 1,397 
Biological & agncultural $9,030 10,060 10,016 9,631 9.107 9,199 9136 8705 8207 8027 7,775 7556 7523 7527 7406 7885 68,112 
Math/computer sciences 6.637 6496 6,101 6.515 6,787 7666 8160 8°39 9989 11241 11808 12600 12829 13,327 12956 13.320 14,100 
Mathematics ......... 4338 3,698 3,046 2868 2569 2731 28639 #%(/49 28868 #3171 3.327 34384 3430 3684 3632 3665 3,751 
Computer science... .. 2.299 2.798 3,055 3.647 4218 4935 5321 190 7,101 86070 68481 9.166 9399 9643 9324 9655 10,349 
Social & behav. sciences 26.563 29.529 27403 26.799 26.779 26,643 26,290 25249 25.629 25584 25.325 25.145 26635 27,538 28,717 29,537 31,187 
Psychology 7.104 8320 8,031 7,861 68.033 7849 8439 8073 8481 8363 8165 7925 8652 9308 9802 98652 10412 
Social science 19,459 21209 19372 18938 18740 18,794 17,851 17,176 17,148 17.221 17,160 17,220 17,983 18230 18915 19.685 20,775 
Engineering . -..eee- 15,967 16012 15.279 15.943 1645, 17,557 18886 20145 20972 21096 22070 22.726 23,743 23,995 24,013 25.018 27.664 
Chemica! engineering . 1078 1,179 1,276 1393 1,406 1409 1545 1798 1814 1641 1.386 1.322 1,321 1205 1025 1,145 1,220 
Civil engineering. ... 3,268 3,606 3,165 3.198 3428 3456 3504 3,5f1 3,542 3,281 3267 313 3296 3213 3404 3,755 4438 
Electncal engineening . 3,471 3,788 3,596 3842 3902 4465 4819 5519 5649 6147 6895 7455 7849 8009 7942 68274 8828 
industnal engineering . . 1,687 1,609 1,502 1.313 1,631 1,656 1432 1557 1463 1653 #£«21,728 1816 1823 1834 2039 2370 2,745 
Mechanical engineering . 2,032 2,094 2.012 2.194 2419 2539 2683 2964 3272 3256 3380 3513 3,703 3630 3680 3826 4,169 
Other engineering. . 3,631 3.73% 3,728 4003 3665 4032 4903 4756 5232 5118 5414 5486 £5,751 6.104 5923 5648 6264 
Engineering technology. . 371 505 496 510 532 636 622 694 816 925 883 980 3=6:1,135 1,194 1,188 1,278 1,555 
Mates 

All degrees 162,115 168.210 153,772 151,159 147,431 145,941 145.114 143,998 143.716 143.932 141,655 145,403 149.399 154.025 156.895 162.299 169,753 
Science and engineering 49.410 50,899 46614 46,004 45,505 46.557 46,718 47.033 48232 48611 48.759 49.820 50845 51,230 50441 52.157 55,454 
Natural sciences. . 11,709 11,633 11,223 10,729 10.222 10200 9814 9513 9290 9133 68652 8562 8383 8052 7,794 8118 6,181 
Physical 3,645 2,981 2,971 2.770 2,691 2.744 2600 2698 2.775 273% 26864 2817 2836 2,754 2703 2834 2,794 
Earth/atm/ocean 1,309 1,433 1,467 1,457 1,470 1,560 1,515 1,517 1,639 1,717 1,531 1,433 1,337 1.218 1,116 1,057 1,006 
Biological & agricultural 6.755 7.219 6,785 6,502 6,061 5.896 5699 5298 4876 4680 4437 4312 4210 4080 3975 4227 4,381 
Math/computer sciences 4,871 4730 4,469 4715 4939 5446 5672 6174 £46941 7.713 8011 8.759 8833 9.176 8709 9199 9773 
Mathematics 2.910 2398 1,989 1,832 1,692 1.821 1859 £1,795 1877 2055 2026 2057 2060 2208 2146 2219 2,219 
Computer science ; 1961 2332 2,480 2883 3247 3625 3813 4379 5064 5658 5985 6702 6773 6968 6563 6980 7,554 
Social & behav. sciences 18,035 19,222 16580 15.740 15,222 14929 14.101 13,301 13.273 13,069 12.796 12581 12968 13.276 13.282 13,491 13,930 
Psychology 4059 4316 3,688 3,397 3,371 3.228 3254 2980 3,064 29397 2638 2599 2814 3025 2994 2929 2.928 
Social science 13,976 14906 12892 12343 11,851 11,701 10,847 10321 10209 10.132 9958 9982 10.154 10251 10288 10562 11,002 
Engineering 14,795 15,314 14342 14,820 15,122 15,982 17.131 18.045 18.728 18696 19.300 19.918 20.661 20.726 20656 21,349 23.570 
Chemical engineering 1,051 1,110 1,156 1,249 1,230 1222 1,369 +# 1,590 1,529 1,401 1,143 1,107 1,092 1,013 852 914 996 
Civil engineering 3,161 3,421 2,951 2933 3.112 3.104 3.122 3.136 3.128 2908 2,792 £2,721 2.851 2693 2864 3,120 3,607 
(continued) 
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Appendix table 2-26. ® 
Earned master’s degrees, by sex and field: 1975-93 z 
(page 2 of 2) 2 
” 
Field 1975 1977 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 2 
Electrical engineering .. . 3,413 3,654 3,453 3,658 3,681 4.177 4,484 5,081 5,154 5,508 6,178 6.642 6,933 7,018 7,008 7,229 7,777 > 
Industrial engineering . . . 1,631 1,534 1,374 1,180 1,465 1446 1,226 1,279 1,236 1,374 1,409 1,492 1,465 1,493 1603 1898 2,190 2 
Mechanical engineering . 2,012 2,039 1,939 2,087 2,292 2.388 2,517 2,765 3,044 3,002 3,133 3,218 3,377 3,276 3.320 3,455 3,769 é 
Other engineering... .. . 3,527 3,556 3,469 3,713 3,342 3,645 4413 4,194 4.637 4,503 4.645 4.738 4,943 5,232 5.009 4,733 5.231 > 
Engineering technology. . . 281 389 371 424 380 486 519 580 674 710 678 738 892 388 888 971 1,172 5 
S 
Femates . 
Alldegrees............... 131,536 150,031 148,303 147,936 149.367 150,639 145,817 141,464 143.497 145.897 148.877 154,688 161,651 170.922 181,603 191,908 201,220 © 
Science and engineering... 13,788 16498 17.612 18,085 18861 20.011 20998 21.531 22330 23,220 23,844 23.835 25580 26558 27,927 28950 30.971 
Natural sciences 3,122 3,727 4,220 4.103 4.127 4,502 4 566 4.718 4 682 4777 4,748 4.622 4.835 4.876 4 888 5,114 5,293 
Physical... .. — 653 660 679 638 675 747 685 845 830 913 890 891 1,040 1,051 1,074 1,088 1,171 
Earth/atm/ocean 194 226 310 336 406 452 444 465 521 517 520 487 482 378 383 368 391 
Biological! & agricultural . 2.275 2.841 3,231 3,129 3,046 3,303 3,437 3,407 3,331 3,347 3,338 3,244 3,313 3,447 3,431 3,658 3,731 
Math/computer sciences 1,766 1.766 1,632 1,800 1,848 2.220 2,488 2,765 3,048 3,528 3,797 3,841 3,996 4,151 4247 4,121 4,327 
Mathematics 1,428 1,300 1,057 1,036 877 910 980 954 1°94 1,116 1,301 1,377 1,370 1.476 1.486 1,446 1,532 
Computer science... . . 338 466 575 764 971 1,310 1,508 1.811 2,037 2.412 2,496 2,464 2,626 2.675 2,761 2,675 2,795 
Social & behav. sciences . 8528 10.307 10823 11,059 11,557 11,714 12,189 11948 12356 12515 12529 12564 13,667 14262 15435 16046 17,257 
Psychology ........ 3,045 4,004 4,343 4 464 4,668 4.621 5.185 5,093 5,417 5,426 5,327 5,326 5,838 6.283 6.808 6.923 7,484 
Social science es 5,483 6,303 6,480 6,595 6,889 7,093 7,004 6,855 6.939 7,089 7,202 7,238 7,829 7,979 8.627 9,123 9,773 
Engineering . . . beac 372 698 937 1,123 1,329 1,575 1,755 2,100 2.244 2,400 2,770 2,808 3,082 3,269 3.357 3,669 4,094 
Chemica! engineering . . . 27 69 120 144 176 187 176 20% 285 240 243 215 229 192 173 231 224 
Civil engineering....... 107 185 214 265 316 352 382 415 414 373 475 413 445 520 540 635 831 
Electrical engineering . 58 134 143 184 221 288 335 438 495 639 717 813 916 991 934 1,045 1,051 
Industrial engineering . 56 75 128 133 166 210 206 278 227 279 319 324 358 341 436 472 555 
Mechanical engineering 20 55 73 197 127 151 166 199 228 254 247 295 326 354 360 371 400 
Other engineering...... 104 180 259 290 323 387 490 562 595 615 769 748 808 871 914 915 1,033 
Engineering technology. . 90 116 125 86 152 150 103 114 142 215 205 242 243 306 300 37 383 


SOURCES: Nationa! Center for Education Statistics, US Department of Education, Earned Degrees and Compietion Surveys, unpublished tabulations; and Science Resources Studies Division, National Science Foundation, 
unpublished tabulations 
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Appendix table 2-27. 


Earned rnaster’s degrees, by race/ethnicity, citizenship, and field: 1977-93 


_ Appendix A. Appendix Tables 


(page 1 of 2) 
Field 1977 1979 1981 1985 1987 1989 1991 1993 
Total 
Alidegrees.....-- sen, 318,241 302,075 296.798 287.213 290,532 311,050 338,498 370,973 
Science and engineering................. 63,779 59,684 59,598 64,726 66,774 70,333 72,828 81,415 
Natural sciences’....... ices 16,234 16,350 15,332 14,045 13,461 13,260 12,713 13,462 
Math and computer sciences......... 6.496 6,101 6,787 9,989 11,808 12,829 12,956 14,251 
Social and behavioral sciences*........... 24,798 21,723 20,763 19,757 19,448 20,509 23,152 26,044 
Engineering... ee eee 16,251 15,510 16,716 20,935 22,057 23,735 24,007 27,658 
Engineering technology ................. NA NA NA 816 883 1,135 1,188 1,555 
U.S. citizens and permanent residents 
White, all degrees. __ . 266,109 249.401 241,255 223,649 216,807 230,322 247,524 265,668 
Science and engineering. 50,420 45,748 43,967 43,982 43,360 43,945 44.513 47,975 
Natural sciences’ 13,405 13,282 12,411 10,559 9,623 9,262 8,300 8,504 
Math and computer sciences... .... 5,256 4,625 4,708 6,176 6,729 6,818 6,705 6,818 
Socia! and behavioral sciences*. . . . 20,315 17,759 16,701 15,061 14,171 15,033 16,873 18,733 
Engineering......... 11,444 10,082 10,147 12,186 12,837 12,832 12,635 13,920 
Engineering technolog NA NA NA 526 581 802 830 1,041 
Asian, all degrees 5,145 5,519 6,304 7,805 8,129 10,174 11,070 13,169 
Science and engineering 1,749 1,929 2,170 3,285 3,455 4,100 4,310 4,846 
Natural sciences’ 388 469 365 450 464 545 532 615 
Math and computer sciences 198 253 376 779 962 1,472 1,203 1,303 
Social and behavioral sciences* 426 357 350 505 379 491 567 668 
Engineering 737 850 1,079 1,551 1,650 1,992 2,008 2,260 
Engineering technology NA NA NA 25 46 40 60 40 
Biack, all degrees 21,041 19.422 17,152 13,960 13,173 13,455 15,857 18,897 
Science and engineering 2,321 2,003 1,801 1,742 1,784 1,652 2,090 2,554 
Natural sciences’ 351 382 351 290 301 238 261 310 
Math and computer sciences 200 136 137 233 280 257 383 406 
Social and behavioral sciences’ 1,530 1,239 1,053 889 800 802 1,048 1,274 
Engineering 240 246 260 330 403 355 398 564 
Engineering technology NA NA NA 37 42 55 47 61 
Hispanic, a!i degrees 7,071 6,470 7,439 7,730 7,781 8,133 9,684 11,371 
Science and engineering 1,325 1,001 1,237 1,514 1,584 1,585 1,736 2,092 
Natural sciences’ 245 227 251 332 310 266 281 334 
Math and computer sciences 91 61 102 149 183 178 213 240 
Socia! and behavioral sciences* 738 498 599 687 579 673 774 937 
Engineering 251 215 285 346 512 468 468 581 
Engineering technology NA NA NA 6 17 10 19 25 
Native American, all degrees 968 999 1,034 1,257 1,049 1,082 1,125 1,344 
Science and engineering 148 165 165 228 147 209 200 253 
Natural sciences’ 48 50 33 45 23 41 34 46 
Math and computer sciences 15 24 19 48 25 45 23 22 
Social and behavioral sciences* 62 67 82 88 61 90 103 135 
Engineering 23 24 31 47 38 33 40 50 
Engineering technology NA NA NA 2 26 * 2 3 8 
(continued) 
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Appendix table 2-27. 
Earned master’s degrees, by race/ethnicity, citizenship, and field: 1977-93 
(page 2 of 2) 


Field 1977 1979 1981 1985 1987 1989 1991 1993 
Foreign citizens 
Alldegrees.......................2... 17,345 19,427 22,058 26,952 28,264 32,123 37,611 44,109 
Science and engineering............. 7,805 8,544 9,749 12,506 13,045 15,143 17,049 20,150 
Natural sciences’..................... 1,797 1,895 1,864 2,178 2,132 2,504 2,856 3,145 
Math and computer sciences.......... os 736 937 1,368 2,394 2,903 3,418 3,878 4.917 
Social and behavioral sciences*......... 1,727 1,752 1,954 2,240 2,229 2,474 2,795 2,969 
Engineering................ pega. 3,545 3,960 4,563 5,694 5,781 6,747 7,520 9,119 
Engineering technology .............. :s NA NA NA 124 127 131 172 279 


NA = not available 


NOTES: Data by racial/ethnic group were collected on a biennial schedule unt, 1990. Data by racial/ethnic group are collected by broad fields of study only: therefore, 
these data cannot be adjusted to the exact field taxonomies used by the National Science Foundation 


The natural sciences include all physical, earth, atmospheric, oceanographic, biological, and agricultural sciences 
The social and behavioral sciences include psychology, sociology, and other social sciences 


SOURCE: Science Resources Studies Division, National Science Foundation, Science and Engineering Degrees, by Race/Ethnicity of Recipients: 1977-93 (Arlington, 
VA: NSF, 1995) 
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Appendix table 2-28. 
Earned doctoral degrees, by sex and field: 1975-93 


(page 1 of 2) 
Field 1975 1977 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
Total 
Alldegrees............ 32,952 31,716 31,239 31,020 31,356 31,111 31,282 31,337 31,298 31,899 32,367 33,499 34324 36,068 37,517 38,853 39,754 
Science and engineering... 18,799 18,008 17,872 17,775 18,257 18,275 18635 18,748 18936 19437 19,894 20933 21,731 22868 24,018 24676 25,438 
Natural sciences........ 8.103 7,676 7,817 7,864 7,995 8195 8195 8336 8.437 8483 8655 9172 9185 9763 10,158 10,436 10,530 
Physical............. 3,076 2,721 2,674 2,521 2,627 2694 2815 2,851 2,934 3,120 3,238 3,350 3,261 3,524 3,625 3,781 3,700 
Earth/atm/ocean....... 625 689 642 628 583 657 624 608 599 559 602 695 723 738 815 794 772 
Biological & agricultural... 4402 4,266 4,501 4715 4,785 4844 4756 4,877 4904 4804 4815 5127 5,201 5,501 5.718 5,861 6,058 
Math/computer sciences... — 1,147 964 979 962 960 940 987 993 998 1,128 1,190 1,264 1,471 1,597 1,839 1,927 2,024 
Mathematics ......... 1,147 933 769 744 728 720 701 698 688 729 740 749 859 892 1.039 1,058 1,146 
Computer science... ... 213 216 210 218 232 220 286 295 310 399 450 515 612 705 800 869 878 
Social & behav. sciences . 6,538 6,720 6.582 6470 6,774 6494 6672 £46,506 6.335 6450 6337 6310 6532 6614 6806 6,874 7,188 
Psychology .......... 2,751 2,990 3,091 3,098 3,358 3,159 3347 3,257 3.118 3,126 3173 3074 3208 3282 3,250 3,264 3,419 
Social science ........ 3,787 3,730 3,491 3,372 3.416 3,335 3,325 3,249 3,217 3,324 3,164 3,236 3,324 3,332 3,556 3,610 3,769 
Engineering........... 3,011 2,648 2,494 2479 2528 2646 2781 2,913 3,166 3,376 3,712 4,187 4543 4894 5215 5439 5,696 
Chemical engineering . . . 396 329 315 316 317 333 392 409 504 531 584 685 712 658 691 725 737 
Civil engineering. ...... 361 336 302 306 358 368 397 408 391 429 477 531 538 553 575 595 624 
Electrical engineering .. . 714 667 611 540 549 616 625 660 716 806 779 1,010 1,137 1,276 1405 £1,483 1,542 
Mechanical engineering . 487 372 366 384 360 437 379 427 513 536 657 715 760 884 875 987 1,029 
Materials engineering .. . 272 248 236 273 234 255 268 271 303 305 392 374 380 440 489 485 535 
Other engineering... ... 781 696 664 660 710 637 720 738 739 769 823 872 ~=1,016 1,083 1.180 1,164 1,229 
Males 

All degrees ..... 25,751 23,858 22,302 21,612 21,464 21.018 20,749 20638 20554 20594 20939 21681 21812 22962 23,647 24433 24,646 
Science and engineering. 15,870 14,775 14,128 13,814 14,056 13,925 13,920 13,956 14,045 14270 14582 15.271 15622 16498 17,087 17,594 17,786 
Natural sciences... . . 6960 6,530 6436 6328 6409 6443 6361 6483 6.453 6426 6484 6779 6649 #£7,101 7.319 7413 7,309 
Physical 2812 2477 2.382 2,199 2318 2337 2442 2452 2467 2610 2.710 2,783 2642 2863 2946 3,010 2,917 
Earth/atm/ocean 595 630 584 564 527 554 529 502 491 464 490 560 575 597 636 606 612 
Biological & agricultural 3,553 3,423 3,470 3,565 3,564 3552 3,390 3,529 3,495 3,352 3,284 3.436 3432 3,641 3,737 3,797 3,780 
Math/computer sciences 1,038 837 833 846 822 824 838 841 859 959 1,000 1,087 1,208 1,329 1.523 1,602 1.623 
Mathematics .. 1,038 811 650 649 616 624 588 583 582 608 615 628 704 734 840 853 882 
Computer science 199 197 183 197 206 200 250 258 277 351 385 459 504 595 683 749 741 
Social & behav. sciences 4913 4,834 4427 4,251 4396 4,136 4064 3,870 3.765 3,734 3,628 3,504 3597 3589 3497 3,646 3,679 
Psychology .. 1,878 1,902 1,831 1,787 1,885 1,721 1,750 1,626 1,577 1,527 1,475 1,393 1,408 1,368 1,254 1,335 1,330 
Social science 3,035 2,932 2,596 2,464 2.511 2.415 2314 2,244 2.188 2207 2,153 2,111 2.189 2,221 2.243 2,311 2.349 
Engineering 2,959 2,574 2.432 2,389 2,429 2522 2657 2,762 2,968 3,151 3,470 3,901 4,168 4479 4748 4,933 5.175 
Chemical engineering 391 319 306 302 306 314 369 382 463 470 524 620 632 580 608 612 643 
Civil engineering 356 328 298 295 348 351 384 383 371 408 459 501 484 504 534 545 570 
Electrical engineering 698 646 600 523 527 594 612 645 681 768 747 962 1,070 1,192 1.326 1,368 1.418 
Mechanical engineering 483 366 361 377 354 420 371 412 487 518 640 686 731 846 818 942 972 
Materials engineering 267 238 228 259 217 238 238 245 271 281 347 341 335 391 412 424 457 
Other engineering 764 677 639 633 677 605 683 695 695 706 753 791 916 966 1,050 1,042 1,115 
(continued) 
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Appendix table 2-28. 


Earned doctoral degrees, by sex and field: 1975-93 


(page 2 of 2) 
Field 1975 1977 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
Females 
Alidegrees............ 7,201 7,858 8937 9408 9892 10,093 10533 10699 10,744 11305 11,428 11818 12512 13,106 13,870 14,420 15,108 
Science andengineering... 2,929 3233 3,744 3,961 4,201 4350 4,715 4,792 4891 5167 5312 5662 6,109 6370 6931 7,082 7,652 
Natural sciences. . . 582 1,146 1,381 1536 1,586 1,752 1,834 1853 1984 2057 2,171 2393 2,536 2,662 2,839 3,023 3,221 
Physical............. 264 244 292 322 309 357 373 399 467 510 528 567 619 661 679 771 783 
Earth/atm/ocean....... 30 59 58 64 56 103 95 106 108 95 112 135 148 141 179 188 160 
Biological & agricultural . . 849 843 = 1,031 1,150 1,221 1.292 1366 1348 1409 1,452 #1,531 1,691 1,769 1.860 1981 2064 2,278 
Math/computer sciences . 109 127 146 116 138 116 149 152 139 169 190 177 263 268 316 325 401 
Mathematics ......... 109 122 119 95 112 96 113 115 106 121 125 121 155 158 199 205 264 
Computer science... . _ . 14 19 27 21 26 20 36 37 33 48 65 56 108 110 117 120 137 
Social & behav. sciences . 1,625 1886 2,155 2219 2378 2358 2608 2636 2570 2,716 2,709 2806 2,935 3,025 3,309 3,228 3,509 
Psychology .......... 873. 1,088 1,260 1,311 1473 1,438 1,597 1,631 1,541 1599 1,698 1,681 1,800 1914 1996 1929 2,089 
Social science . 752 798 895 908 905 920 1,011 1,005 1,029 1,117 1,011 1,125 1,135 1,911 1313 1299 1,420 
Engineering........... 52 74 62 90 99 124 124 151 198 225 242 286 375 415 467 506 521 
Chemical engineering . . . 5 10 9 14 11 19 23 27 41 61 60 65 80 78 83 113 94 
Civil engineering. .... .. 5 8 4 11 10 17 13 25 20 21 18 30 54 49 41 50 54 
Electrical engineering .. . 16 21 11 17 22 22 13 15 35 38 32 48 67 84 79 115 124 
Mechanical engineering . 4 6 5 7 6 17 8 15 26 18 17 29 29 38 57 45 57 
Materials engineering .. . 5 10 8 14 17 17 30 26 32 24 45 33 45 49 77 61 78 
Other engineering... .. . 17 19 25 27 33 32 37 43 44 63 70 81 100 117 130 122 114 


SOURCE: Science Resources Studies Division, National Science Foundation, Selected Data on Science and Engineering Doctorate Awards, 1993, NSF 94-318 (Arlington, VA: NSF, 1995) 
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Appendix table 2-29. 

Earned doctoral degrees by race/ethnicity, field, and citizenship: 1977-93 

(page 1 of 2) 

Race/ethnicity and field 1977 1979 1981 1983 1985 1987 1989 1991 1993 

Total’ 

Aildegrees........- sds, 31,716 1239 31,357 3779 W477 W719 32,120 37.282 38,827 

Science and engineering.............. 18,008 7,872 18258 18,109 18280 18705 20,117 23,720 24,593 
Natural sciences*................. 7,676 7,817 7,996 8,163 8,310 8,320 8.746 10,140 10,354 
Math and computer sciences............. 964 979 960 972 984 1,141 1,382 1,846 1,981 
Social and behavioral sciences®......... 6.720 6,502 6,774 6,274 5,905 5,737 5,764 6,515 6,757 
Engineering....................... 2648 2,494 2,528 2,700 3,081 3,507 4,225 5.219 5,501 

U.S. citizens and permanent residents 

Total, alidegrees.....-.-.—=-—s—ss.........., 27,487 26.784 26342 25.634 24694 24561 25.026 27415 28,636 

Science and engineering........... 14.889 14,711 14,655 14,301 13,876 13,905 14432 15,713 16,336 
Natural sciences?.............. 6.427 6,604 6,641 6,706 6,634 6,450 6,629 7,057 7,085 
Math and computer sciences. . as 763 778 713 664 631 671 824 969 1,088 
Social and behavioral sciences* . 5.886 5,712 5.830 5,449 5,017 4,871 4,750 5,213 5,462 
Engineering nd 1,799 1,617 1,471 1,482 1,594 1,913 2.229 2,474 2,691 

White, alldegrees 23,654 22,396 22470 22250 21297 21,116 21,568 23,173 23,993 

Science and engineering. 12.875 12,314 12573 12483 12,004 11920 12,364 13,155 13,535 
Natural sciences? 5598 5,620 5,771 5,981 5,902 5,662 5,801 6,110 5,943 
Math and computer sciences 671 658 610 569 527 548 688 774 886 
Social and behavioral sciences* 5177 4,879 5.099 4.805 4,387 4,252 4.149 4,434 4,684 
Engineering 1,429 1,157 1,093 1,128 1,188 1,458 1,726 1,837 2,022 

Asian, ali degrees 910 1,102 1,073 1,043 1,069 1,167 1,261 1,527 2,009 

Science and engineering 745 884 827 778 808 921 979 1,172 1,602 
Natural sciences * 342 377 344 359 346 369 400 472 684 
Math and computer sciences 42 55 56 54 50 67 76 123 156 
Social and behavioral sciences® 112 146 142 118 131 158 143 172 237 
Engineering 249 306 285 247 281 327 360 405 525 

Black, all degrees 1194 1,114 1,110 1,005 1,043 907 962 1,158 1,275 

Science and engineering 344 347 346 322 357 308 352 444 452 
Natural sciences’ 85 B4 89 84 100 95 105 111 135 
Math and computer sciences 10 12 11 6 10 13 9 1s 14 
Social! and behavioral sciences* 234 231 227 203 213 175 205 259 253 
Engineering 15 20 19 29 34 25 33 55 50 

Hispanic, all degrees 474 539 526 608 §34 708 693 867 972 

Science and engineering 194 231 239 282 290 354 377 487 536 
Natural sciences 74 83 92 86 107 138 157 191 228 
Math and computer sciences 10 12 5 7 18 15 15 21 23 
Social and behavioral sciences* 88 112 126 160 143 167 158 215 220 
Engineering 22 24 16 29 22 34 47 60 65 

Native American, a'| degrees 66 81 85 81 96 115 94 130 119 

Science and engineering 31 29 28 28 41 52 52 55 41 
Natural sciences’ 14 6 8 13 21 20 25 27 17 
Math and computer sciences 1 1 1 1 0 3 2 1 2 
Social and behavioral sciences’ 15 19 15 13 19 22 18 21 20 
Engineering 1 3 4 1 1 7 7 6 2 


(continued) 
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Appendix table 2-29. 

Earned doctoral degrees by race/ethnicity, field, and citizenship: 1977-93 

(page 2 of 2) 

Race/ethnicity and fieid 1977 1873 1981 1983 1985 1987 1989 1991 1993 

Foreign citizens 

Total, alldegrees................. 3,448 3,587 3,940 4,499 5.228 5,610 6,646 9.309 3,923 

Science and engineering... . 2,675 2.689 2.983 3,400 4,028 4,450 5,377 7,607 8,087 
Natural sciences?..__.. 1,079 1,046 1,140 1,274 1,518 1,704 1,976 2.937 3,191 
Math anc computer sciences 170 181 226 281 327 445 524 846 866 
Social and behavioral sciences*® 651 645 675 675 764 763 937 1,190 1,247 
Engineering......... 775 817 942 1,170 1,419 1,532 1,940 2.634 2.783 

Unknown citizenship 

Total, all degrees 781 868 1,075 646 555 548 448 558 268 

Science and engineering 452 472 620 408 376 350 308 400 170 
Natural sciences*........ 170 167 215 183 158 166 141 146 78 
Math and computer sciences. . 25 20 21 27 26 25 34 31 17 
Social and behavioral sciences?. 183 225 269 150 124 97 77 112 £§ 
Engineering 74 60 115 48 68 62 56 111 


NOTES: Data by racial/ethnic group were collected on a biennial schedule unt! 1990. Data by racial/ethnic group are collected by broad fields of study only. therefore, 
these Gata cannot be adjusted to the exact field taxonomies used by the Nationa! Science Foundation 


includes ali Goctorates awarded to US citizens and permanent residents, temporary residents, and persons whose citizenship is unknown 
“The natural sciences include all physical, earth, atmospheric, oceanographic. biological, and agricultural sciences 


‘The social and behavioral sciences include psychology, sociology, and other social sciences 


SOURCE: Science Resources Studies Division, Natona! Science Foundation, Selected Data on Science and Engineering Doctorate Awards, 1993, NSF 94-318 


(Arlington, VA: NSF, 1995) 
See figures 2-15 and 2-17 
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Appendix table 2-30. 


Doctorai degrees in S&E in selected major industrialized countries: 1975-83 


(page 1 of 5) 
1975 1976 1977 1978 1979 1980 1981 1982 1983 
Germany 
Total, alidegrees . 11,418 11,531 11,386 11,755 11,939 12.222 12.283 12,963 13,637 
Total, natural sciences 2.818 2,961 3,060 2,856 2,934 3,020 2,974 2,935 3,039 
Natural sciences’ 2.238 2,364 2,443 2,287 2,380 2,462 2,444 2,313 2,404 
Math/computer sciences 242 250 294 242 273 227 213 261 274 
Agricultural sciences 338 347 323 327 281 331 317 361 361 
Social sciences 1,015 1,042 1,024 995 959 949 913 1,012 966 
Engineering 755 739 838 826 928 811 823 990 973 
Females, al! degrees. 1,799 1,780 1,791 1.910 2,213 2,392 2,491 2,712 3,048 
Total, natural sciences 255 232 295 267 351 360 384 400 477 
Naturai sciences’ 214 198 262 226 292 321 319 325 381 
Math/computer sciences 27 14 12 18 21 11 19 20 22 
Agricultural sciences 14 20 21 23 38 28 46 55 74 
Social sciences 120 133 141 100 118 135 136 184 181 
Engineering 25 15 5 3 8 9 9 11 19 
Males, al! degrees 9.619 9,751 9,595 9.845 9.726 9,530 9,792 10,251 10,589 
Total, natural sciences 2,563 2,729 2,765 2,589 2,583 2.660 2,590 2,535 2,562 
Natural sciences’ 2,024 2,166 2,181 2,061 2,088 2,141 2,125 1,988 2,023 
Math/computer sciences 215 236 282 224 252 216 194 241 252 
Agncultural sciences 324 327 302 304 243 303 271 306 287 
Social sciences 895 909 883 895 841 814 777 828 785 
Engineering 730 724 833 823 920 802 814 979 954 
re a “United Kingdom a _ 7 a 
Total, all degrees 5,341 5.210 5,331 5.601 5.700 5,804 5.983 6,333 6,528 
Total, natural sciences 2.533 2,501 2,645 2,663 2.761 2,732 2,895 3,001 2,898 
Natural sciences’ 2,082 2,070 2,155 2,192 2,303 2.300 2.389 2.515 2,426 
Math/computer sciences 242 264 282 277 273 256 311 296 289 
Agnculturai sciences 209 167 208 194 185 176 195 190 183 
Social sciences 431 475 513 539 495 532 541 603 663 
Engineering 1.059 1,005 957 1,033 966 1,023 1,027 1,134 1.198 
Females. ail degrees 726 718 769 883 978 1,071 1,132 1,222 1,306 
Total, natural sciences 312 323 361 437 454 489 531 563 560 
Natural sciences 265 277 318 370 391 418 452 505 491 
Math/computer sciences 22 23 14 30 35 26 38 25 26 
Agricultural scrences 25 23 29 37 28 45 4) 33 43 
Social sciences 88 102 103 117 140 115 150 163 193 
Engineering 24 39 35 43 41 50 61 83 73 
(continued) 
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Appendix table 2-30. 


Doctoral degrees in S&E in selected major industrialized countries: 1975-83 


(page 2 of 5) 

1975 1976 1977 1978 1979 1980 1981 1982 1983 

Males, alidegrees.......... 4,615 4,492 4,562 4,718 4,722 4,733 4,851 5,111 5,222 
Total, natural sciences ...... 2,221 2,178 2,284 2,226 2,397 2,243 2,364 2,438 2,338 

Natural sciences'......... 1,817 1,793 1,837 1,822 1,912 1,882 1,937 2,010 1,935 
Math/computer sciences ... . 220 241 268 247 238 230 273 271 263 
Agricultural sciences....... 184 144 179 157 157 131 154 157 140 

Social science............ 343 373 410 422 355 417 391 440 470 

Engineering.............. 1,035 966 922 990 925 973 966 1,051 1,125 

Japan? 

Total university and Ronbun degrees’ 

Total, alldegrees.......... 4,592 4,887 5,201 5,535 5,891 6,269 6,579 6,904 7,245 
Natural sciences.......... 676 703 731 760 790 822 829 837 845 
Agricultural sciences....... 385 410 437 465 495 527 557 589 623 
Social sciences .......... 84 52 81 79 78 76 84 93 103 
Engineering............. 987 ‘1 024 1,062 1,102 1,143 1,186 1,227 1,269 1,312 

University degrees 

Total, alidegrees.......... 2,882 3,082 3,257 3,181 3,444 3,614 3,887 3,969 4,083 
Total, natural sciences ...... 669 638 697 743 753 785 861 807 782 

Natural sciences'......... 449 456 455 462 515 536 555 511 506 
Math/computer sciences .. . . 45 29 41 38 40 53 52 58 76 
Agricultural sciences....... 175 153 201 243 196 196 254 238 200 

Social sciences ........... 84 82 81 79 78 76 84 93 103 

SE 576 558 672 591 665 665 697 634 591 

Females, alidegrees....... 168 203 191 196 228 275 275 285 361 
Total, natural sciences ..... 30 30 34 35 36 40 40 37 42 

Natural sciences'........ 20 21 23 23 23 23 24 27 21 
Math/computer sciences .. . 5 5 1 2 2 4 1 3 1 
Agricultural sciences...... 5 a 10 10 11 13 15 7 20 
Engineering............. 2 4 3 3 6 8 6 7 14 

Males, alidegrees......... 2,714 2,879 3,066 2,985 3,216 3,339 3,612 3,684 3,722 

Total, natural sciences ..... 639 608 734 708 717 745 821 770 740 
Natural sciences'........ 429 435 503 439 492 513 531 484 485 
Math/computer sciences .. . 40 24 40 36 38 49 51 55 75 
Agricultural sciences...... 170 149 191 233 187 183 239 231 180 

Engineering............. 574 554 669 588 659 657 691 627 577 

Ronbun degrees” 

Total, alidegrees.......... 1,710 1,805 1,944 2,354 2,447 2,655 2,692 2,935 3,162 
Natural sciences........... 182 218 235 260 235 233 222 268 263 
Agricultural sciences........ 210 257 236 222 297 331 303 351 423 

466 390 478 521 530 635 721 
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Appendix table 2-30. 


Doctoral degrees in S&E in selected major industrialized countries: 1984-93 


(page 3 of 5) 
, 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
Germany 
Total, alidegrees............ 14,133 14,951 15,530 16,064 17,321 17,901 22,372 22,462 21,438 NA 
Total, natural sciences ...... 2,965 3,674 3,868 4,202 4,626 4,996 6,745 6,453 6,704 NA 
Natural sciences'......... 2,315 2,986 3,184 3,440 3,844 4,095 5,319 5,326 5,638 NA 
Math/computer sciences... . 239 274 278 294 332 383 429 418 464 NA 
Agricultural sciences....... 411 414 406 468 450 518 997 709 602 NA 
Social sciences .......... 1,014 968 1,064 1,068 1,150 1,200 1,544 1,483 1,344 NA 
Engineering . . 1,174 1,096 1,159 1,306 1,325 1,372 2,473 2,529 2,100 NA 
Females, alidegrees.... 3,278 3,598 3,920 4,228 4,547 4,755 6,367 6,645 6,186 NA 
Total, natural sciences ...... 556 618 748 847 906 1,083 1,492 1,592 1,602 NA 
Natural sciences'......... 474 539 664 734 800 897 1,242 1,322 1,362 NA 
Math/computer sciences ... . 23 22 26 26 33 51 39 40 65 NA 
Agricultural sciences....... 59 57 58 87 73 135 211 230 175 NA 
Social sciences ........... 158 170 184 198 223 247 357 350 268 NA 
Engineering.............. 19 27 24 45 50 38 153 177 114 NA 
Males, alidegrees.......... 10,855 11,353 11,610 11,836 12,774 13,146 16,005 15,817 15,252 NA 
Total, natural sciences ...... 2,409 3,056 3,120 3,355 3,720 3,913 5,253 4,861 5,102 NA 
Natural sciences'......... 1,841 2,447 2,520 2,706 3,044 3,198 4,077 4,004 4,276 NA 
Math/computer sciences ... . 216 252 252 268 299 332 390 378 399 NA 
Agricultural sciences....... 352 357 348 381 377 383 786 479 427 NA 
Social sciences ........... 856 798 880 870 927 953 1,187 1,133 1,076 NA 
Engineering.............. 1,155 1,069 1,135 1,261 1,275 1,334 2,320 2,352 1,986 NA 
United Kingdom 
Total,alidegrees........... 6,291 6,208 6,492 6,835 7,588 7,845 8,242 8,387 8,396 NA 
Total, natural sciences ...... 2,921 2,850 3,045 3,096 3,405 3,590 3,825 3,934 3,852 NA 
Natural sciences'......... 2,408 2,409 2,495 2,583 2,787 2,937 3,113 3,151 3,054 NA 
Math/computer sciences... . 290 282 290 321 374 415 471 535 519 NA 
Agricultural sciences....... 223 159 260 192 244 238 241 248 279 NA 
Social sciences ........... 657 687 686 732 899 878 916 914 935 NA 
Engineering.............. 989 1,071 1,028 1,188 1,359 1,348 1,466 1,454 1,325 NA 
Females, alldegrees........ 1,415 1,413 1,491 1,672 1,821 1,961 2,000 2,131 2,356 NA 
Total, natural sciences ...... 618 641 680 690 805 900 873 997 1,040 NA 
Natural sciences’'......... 521 552 578 598 676 761 738 837 862 NA 
Math/computer sciences... . 39 44 43 48 55 64 76 86 80 NA 
Agricultural sciences....... 58 45 59 44 74 75 59 74 98 NA 
Social sciences ........... 222 230 227 243 272 280 292 289 351 NA 
a rrr rr rere 66 64 65 87 106 137 137 147 145 NA 
(continued) 
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Appendix table 2-30. 


Doctoral degrees in S&E in selected major industrialized countries: 1984—93 


(page 4 of 5) 
1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
Males, alidegrees... sss. 4,876 4,795 5,001 5,163 5,767 5,884 6,242 6,256 6,040 NA 

Total, natural sciences ...... 2,303 2,209 2,365 2,406 2,600 2,690 2,952 2,937 2,812 NA 
Natural sciences'......... 1,887 1,857 1,917 1,985 2,111 2,176 2,375 2,314 2,192 NA 
Math/computer sciences . .. . 251 238 247 273 319 351 395 449 439 NA 
Agricultural sciences....... 165 114 201 148 170 163 182 174 181 NA 

Social sciences ....... or 435 457 459 489 627 598 624 625 584 NA 

Engineering.............. 923 1,007 963 1,101 1,253 1,211 1,329 1,307 1,180 NA 

Japan? 
Total university and Ronbun degrees’ 

Total, alidegrees......... 7,602 7,978 8,449 8,948 9,476 10,036 10,633 11,094 11,576 12,000 
Natural sciences.......... 852 860 864 868 872 876 835 918 1,009 1,000 
Agricultural sciences....... 659 697 706 715 725 734 719 770 824 900 

Social sciences ........... 115 127 138 150 163 177 183 211 243 250 

Engineering.............. 1,357 1,404 1,489 1,578 1,673 1,774 1,967 2,155 2,362 2,500 

University degrees 
Total,alidegrees......—...... 4,090 4,358 4,496 4,898 5,330 5,576 5,812 6,201 6,484 6,765 

Total, natural sciences ...... 743 833 772 828 851 1,007 937 1,036 1,165 1,192 
Natural sciences'......... 460 535 498 522 507 587 568 610 651 686 
Math/computer sciences... . 69 75 66 83 82 88 66 64 79 84 
Agricultural sciences....... 214 223 208 223 262 332 303 362 435 422 

Social sciences ........... 467 523 490 489 536 501 482 497 512 485 

Engineering.............. 575 559 599 642 736 930 948 1,069 1,153 1,370 

Female, alidegrees .... 413 429 435 565 603 632 696 777 879 907 

Total, natural sciences ...... 57 51 47 73 65 88 97 32 117 99 
Natural sciences'......... 26 32 26 36 33 47 41 24 46 58 
Math/computer sciences . _. . 5 5 5 7 4 S 7 5 12 5 
Agricultural sciences....... 24 14 16 30 28 32 49 3 59 36 

Engineering.............. 10 12 20 16 12 35 41 28 60 50 

Male,aiidegrees .......... 3,677 3,929 4,061 4,333 4,727 4.944 5,116 5,424 5,605 5,858 

Total, natural sciences... ... 686 782 725 755 786 919 840 1,004 1,048 1,093 
Natural sciences'......... 432 503 472 486 474 540 527 586 605 628 
Math/computer sciences ... . 64 70 61 76 78 79 59 59 67 79 
Agricultural sciences....... 190 209 192 193 234 300 254 359 376 386 

Engineering.............. 565 547 579 626 724 895 907 1,041 1,093 1,320 

(continued) 
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Doctoral degrees in S&E in selected major industrialized countries: 1984-93 
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1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 

Ronbun degrees’ 

Total,alidegrees ...._.—-—s.—s.. 3,512 3,620 3,953 4,050 4,146 4,460 4821 4.893 5,092 5,235 
Natural sciences... ... cas 323 250 300 263 283 201 201 244 279 230 
Agricultural sciences........ 445 474 498 492 463 402 416 408 389 478 
Engineering.............. 782 845 890 936 937 844 1,019 1,086 1,209 1,130 


NA = not available 
‘Natural sciences include physical, biological, earth, atmospheric, and oceanographic sciences. 


*Ronbun or “thesis” doctorates are earned by researchers employed in industry. These researchers submit the thesis to their prior university, which awards the degree. Ronbun degrees provide data for natural and agricultural 
sciences and engineering. 


‘Social science degree data by sex not available from Japan's Statistical Abstract of Education, Science and Culture, 1995. 


SOURCES: Government of the Federal Republic of Germany, Statistisches Bundesamt Wiesbaden, Profungen an Hochschulen (1994); Government of the United Kingdom, University Grants Committee, University Statistics, 
Universities’ Statistical Record, Cheltenham, unpublished tabulations; Government of Japan, Ministry of Education, Science, and Culture, Monbusho Survey of Education (Tokyo), and Statistical Abstract of Education, Science 
and Culture (Tokyo: 1995). 


See figure 2-14 Science & "ngineering indicators — 1996 
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Appendix table 2-31. 


Doctoral degrees in science and engineering, by region/country: 1992 


Natural 
Region/country All Ph.D.s sciences Social sciences Engineering Total S&E 
Asia 25,590 6,593 544 4.630 11,767 
China peeeues 1,812 473 61 823 1,357 
india ceeeeveveuceeess 8,383 3,665 NA 629 4,294 
Japan’ (euewes cana 11,576 1,833 243 2,362 4.438 
South Korea.............2......... 3,21} 459 217 552 1,228 
WR. cod dace ssh ban 4005 a tneuees 608 163 23 264 450 
Europe 47,128 18,796 4,195 6,293 29,284 
European Union 
Finland _.. seeseeeewanees NA 155 35 66 256 
France... jeeasenaceuen 8.240 4.579 782 1,192 6,553 
ee 21,438 6,704 1,344 2,100 10,148 
Italy ebb b4 64443448444 8R SD 2.698 857 158 303 1,318 
The Netherland (ed we hkwae whee en NA 554 322 287 1,163 
Sweden.................0........ 1,724 488 127 372 987 
United Kingdom ..................... 8,396 3,852 935 1,325 6,112 
European Free Trade Association 
Norway ..... 415 162 68 80 310 
Switzerland... 6d, 2.119 700 77 117 894 
Central Europe 
ee ea 598 266 248 84 598 
Poland.................. cece eee 1,500 634 134 433 1,201 
North America ..._—....... be ueecouns 42,701 13,344 7,423 6,105 26,872 
EL os cag neahecectebeennaseuas 2,947 789 490 409 1,688 
United States... .. 0... ee, 39,754 12,555 6,933 5.696 25,184 


NA = not available, S&E = science and engineering 


NOTES: Canadian data are for 1991. All other country data are for 1992 
‘Japarese data include “thesis” doctorates called Ronbun Hakase. earned by employees in industry. See section on Asian doctoral programs 


SOURCES: For Asian countries, Human Resources for Science and Technology: the Asian Region, NSF 93-303 (Washington DC: NSF, 1993). For European 
Countnes: for Austria. Population Division, Austrian Central Statistical Office, unpublished tabulations; for France, Ministére de |'Education Nationale, Repéres et 
References. Statistiques sur les Enseignements, for Germany, Statistisches Bundesamt, Wiesbaden, Profungen an Hochschuien, for Switzerland, Education and 
Society Division, Universities and Science Section, Federal Office of Statistics, unpublished tabulations; and for the United Kingdom, University Grants Commitee, 
University Statistics, Universities’ Statistical Record, unpublished tabulations. For North American countries: for Canada, Statistics Canada, Universities: Enrolirnent 
and Degrees, 1991, tor the United States, Science Resources Studies Division, National Science Foundation, Science and Engineering Degrees: 1966-93, Detailed 
Statistical Tables, NSF 95-312 (Arlington, VA: SF, 1995). For additional national sources, see Contacts and References 


See text table 2-9 
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Appendix table 2-32. $ 
U.S. doctoral degrees earned by foreign students from Asian countries: 1983-93 


* 


Field 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
Total science & engineering. 1.628 1,896 2,096 2,191 2.451 2,887 3,244 4,179 4.993 5,474 5,564 
Natural sciences __ . . 607 6688 769 844 940 1,115 1,199 1,685 1,937 2,225 2,210 
Physical science 306 356 369 476 505 591 641 786 908 995 930 
Earth, atmospheric, & 
ocean sciences 45 45 57 50 57 70 57 101 98 144 145 
Biologicai & agricultural... . 256 287 343 318 378 454 501 7398 931 1086 1135 
Math/computer sciences 119 158 156 193 217 264 307 446 560 583 575 
Mathematics . _ . 88 107 107 125 131 150 187 254 321 330 320 
Computer science 31 4 49 68 86 114 120 192 239 253 255 
Social & behavioral sciences 274 301 320 316 336 384 474 551 649 674 722 
Psychology 28 24 19 20 15 27 35 48 47 62 71 
Social science 246 277 301 296 321 357 439 503 602 612 651 
Engineering......... 628 749 851 838 958 1,124 1,264 1,497 1,847 1,992 2,057 


SOURCE: Science Resources Studies Division, National Science Foundation, Selected Data on Science and Engineering Doctorate Awards, 1993. NSF 94-318 (Arlington, VA: NSF, 1995) 
See figure 2-18 Science & Engineenng indicators - 1996 


1983 1993 
United States 
Natural sciences 1928 21.1% 4863 328% 
Social sciences. . 881 13.7% 1604 185% 
Engineering . 1489 53.5% 3,249 50.5% 
1983 1992 
Germany’ 
Natural sciences 301 99% 454 6.8% 
Social sciences. 91 94% 113 8.4% 
Engineering 113. 11.6% 246 11.7% 
1989 1992 
France 
Natural sciences 1037 30.1% 988 345% 
Social sciences 183 449% 270 37.9% 
Engineering 382 43.7% 476 §=40.1% 
1983 1992 
United Kingdom 
Natu‘al sciences 761 27.5% 1020 26.7% 
Social sciences NA NA 374 52.1% 
Engineering 619 50.7% 719 =49.7% 
1983 1993 
Japan’ 
Natural science & engineering 120 8.7% 1,011 39.5% 
Social sciences 1 24% 92 190% 


SSE = smrence and engineenng NA = not available 

‘Data for foreign students in Germany include permanent residents. These include students who have gone through the German schoo! system as children of immi- 
grarits but who are non-citizens 

*The percentage of doctoral degrees earned by foreign students in Japan is based on university doctoral degrees only. and exciudes those earned by employees in 
Japanese industnes See section on Asian doctoral programs 

SOURCES US. Science Resources Studies Division, Nationa! Science Foundation, Doctorate Record File; Germany, Profungen an Hochschulen, Frence, Ministere 


de Enseignement Supeneure. Rapport sur les Etudes Doctorales (1994). Uk _ Universities Statistical Record, unpublished tabulations, Japan, Monbusho Survey, 


unpublished tabulabons (1995) 


See figure 2-19 
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Appendix table 2-34. 
Foreign doctoral recipients from U.S. universities who plan to stay in the United States, by field and region/country of origin: 1980, 1990, and 1992 


(page 1 of 4) 
1980 1990 1992 
Total Ph.D. Plan to stay Firm plans to stay Total Ph.D. Plan to stay Firm plans to stay Total Ph.D. Plan to stay Firm pians to stay 
Region/country recipients in U.S. in U.S. recipients in US. in U.S. recipients NUS in U.S. 
All fields 
SE oe st ee peees 1,509 787 52.2% 650 43.1% 5,279 2.390 45.3% 1,732 32.8% 7,322 4547 62.1% 2,639 36.0% 
eee 303 168 55.4% 135 446% 1,090 651 59.7% 456 41.8% 2,079 1845 88.7% 1.019 49.0% 
Taiwan............... 455 280 61.5% 236 51.9% 1,145 476 416% 314 274% 1,422 698 49.1% 364 256% 
Aik so a0.04:0 9.4.0: 92 30 32.6% 24 26.1% 186 73 39.2% 55 29.6% 171 73 42.7% 45 26.3% 
South Korea........... 158 68 43.0% 56 35.4% 1,257 367 29.2% 272 21.6% 1,458 463 31.8% 272 18.7% 
CE es nt ae cee es 420 292 69.5% 236 56.2% 877 585 66.7% 469 53.5% 1,065 879 82.5% 608 57.1% 
OtherAsia............ 384 117 30.5% 98 25.5% 724 238 32.9% 166 22.9% 1,127 589 52.3% 331 29.4% 
Science and engineering 
Ey ee 1,237 729 58.9% 590 47.7% 4,367 2,108 48.3% 1505 345% 6,108 3,936 64.4% 2.265 37.1% 
Se 290 162 55.9% 135 466% 1,017 616 60.6% 434 427% 1,902 1,689 88.8% 934 49.1% 
Ne i is ne lel ld 423 266 62.9% 224 53.0% 1,009 450 44.6% 299 296% 1,230 636 51.7% 329 26.7% 
EE er 69 25 36.2% 19 27.5% 147 60 40.8% 48 32.7% 132 51 38.6% 28 21.2% 
er kc ce ees 131 64 48.9% 54 41.2% 970 307 31.6% 226 23.3% 1,109 372 33.5% 220 19.8% 
RSE 369 265 71.8% 212 57.5% 705 466 66.1% 370 52.5% 857 703 82.0% 485 56.6% 
a 275 109 39.6% 92 33.5% 560 209 37.3% 143. 25.5% 878 485 55.2% 269 30.6% 
Natural science 
aie os cai a kD tk 590 341 57.8% 274 464% 2,236 1,183 52.9% 898 40.2% 3,141 2.296 73.1% 1,424 45.3% 
SEES Lean ee 196 118 60.2% 99 50.5% 675 423. 62.7% 323 47.9% 1,330 1,192 89.6% 721 54.2% 
EC ae 227 141 62.1% 118 52.0% 457 221 48.4% 153 33.5% 497 289 58.1% 175 35.2% 
ere 20 12 60.0% 8 40.0% 58 31 53.4% 25 43.1% 50 26 52.0% 17 34.0% 
South Korea........... 46 26 56.5% 20 43.5% 407 168 41.3% 134 32.9% 413 192 46.5% 127 30.8% 
a eee 155 105 67.7% 80 516% 317 220 69.4% 180 56.8% 364 307 84.3% 219 60.2% 
NS ee ee 142 57 40.1% 48 33.8% 322 120 37.3% 83 25.8% 487 240 49.3% 165 33.9% 
Social science 
RES AP eer e 153 56 36.6% 34 22.2% 534 170 31.8% 105 19.7% 747 297 39.8% 159 21.3% 
ee 10 5 50.0% 4 400% 53 31 585% 21 39.6% ie) ] 85 85.9% 42 42.4% 
ee 24 11 45.8% 10 41.7% 78 22 28.2% 12 15.4% 97 28 28.9% 11. 11.3% 
ee ee 22 6 27.3% 6 27.3% 72 24 33.3% 19 26.4% 57 19 33.3% 8 14.0% 
South Korea........... 44 13 29.5% 10 227% 204 36 17.6% 26 12.7% 261 50 19.2% 28 10.7% 
eer re 30 17 56.7% 11 36.7% 75 36 48.0% 29 38.7% 89 61 68.5% 43 48.3% 
ee a. 53 9 17.0% 2 3.8% 52 21 40.4% 2 3.8% 144 54 37.5% 27 188% 
(continued) 


seiqe, xipueddy ‘y xipueddy 
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Appendix table 2-34. 
Foreign doctoral recipients from U.S. universities who plan to stay in the United States, by field and region/country of origin: 1980, 1990, and 1992 : 
(page 2 of 4) 
Qo 
1980 1990 1992 3 
Total Ph.D. Plantostay Firm plans to stay Total Ph.D. Plan to stay Firm plans to stay Total Ph.D. Plan to stay Firm plans to stay 3 
Region/country recipients in U.S. in U.S. recipients inU.S in US. recipients in U.S. iNnU.S S 
Engineering 
Pt cccserveaereses 494 332 67.2% 282 57.1% 1,597 755 47.3% 502 31.4% 2,220 1,343 60.5% 682 30.7% 8 
China’........ 2000... 84 390 464% 32 38.1% 289 162 56.1% 90 31.1% 473 412 87.1% 171 36.2% Ss 
Taiwan............... 172 114 66.3% 96 55.8% 474 207 43.7% 134 28.3% 636 319 50.2% 143 22.5% 
0 Se 27 7 25.9% 5 18.5% 17 5 29.4% 4 23.5% 25 6 24.0% 3 12.0% oS 
South Korea... ........ 41 25 61.0% 24 58.5% 359 103 28.7% 66 184% 435 130 29.9% 65 14.9% $ 
DN ittineo6000 0904.68 184 143. 77.7% 121 65.8% 313 210 67.1% 161 51.4% 404 335 82.9% 223 55.2% 
Other Asia............ 70 43 61.4% 36 514% 145 68 46.9% 47 32.4% 247 141 57.1% 77 = 31.2% 
All fields 
Bereme ... 1... ee eee 501 232 46.3% 213 42.5% 1,092 540 49.5% 411 376% 1,327 810 61.0% 545 41.1% 
Greece .............. 72 67 93.1% 28 38.9% 137 67 48.9% 50 36.5% 166 93 56.0% 58 349% 
United Kingdom ........ 129 76 58.9% 70 54.3% 171 119 69.6% 90 52.6% 214 160 74.8% 117 54.7% 
Germany............. 51 21 41.2% 18 35.3% 169 85 50.3% 65 38.5% 188 116 61.7% 72 38.3% 
in ¢¢hseideneeee 19 7 3.8% 6 316% 88 35 39.8% 24 27.3% 98 51 52.0% 29 29.6% 
ee 32 12 37.5% 12 37.5% 93 41 44.1% 30 32.3% 115 63 54.8% 42 36.5% 
ee 29 13 44.8% 12 41.4% 73 27 37.0% 24 32.9% 91 57 62.6% 41 45.1% 
Other Europe.......... 169 36 21.3% 67 39.6% 361 166 46.0% 128 35.5% 455 270 59.3% 186 40.9% 
Science and engineering 
359 177 49.3% 162 45.1% 796 383 48.1% 288 36.2% 936 545 58.2% 375 40.1% 
ee 63 27 42.9% 24 38.1% 125 65 52.0% 48 38.4% 146 81 55.5% 49 33.6% 
United Kingdom ........ 89 56 62.9% 51 57.3% 103 73 70.9% 53 51.5% 137 100 73.0% 75 54.7% 
er 27 11 40.7% 9 33.3% 122 59 48.4% 46 37.7% 122 67 54.9% 44 36.1% 
a a4 6504 4s tak wala 15 5 33.3% 5 33.3% 63 23 36.5% 15 23.8% 72 37 51.4% 25 34.7% 
ee ee 16 9 56.3% 9 56.3% 64 25 39.1% 16 25.0% 76 31 40.8% 20 26.3% 
0 Pee 22 10 45.5% 9 40.9% 40 11 27.5% 11 27.5% 45 27 60.0% 20 44.4% 
Other Europe.......... 127 59 46.5% 55 43.3% 279 127 45.5% 99 35.5% 338 202 59.8% 142 42.0% 
Natural science 
Serer rers yt 173 88 50.9% 79 45.7% 419 203 48.4% 159 37.9% 506 294 58.1% 207 40.9% 
A eee ee 29 13 44.8% 11 37.9% 50 27 54.0% 22 44.0% 65 36 55.4% 24 3.9% 
United Kingdom ........ 42 28 66.7% 25 59.5% 53 40 75.5% 31 585% 70 48 68.6% 37 52.9% | 
I : ces o00 6000S 15 6 40.0% 5 33.3% 76 35 46.1% 25 32.9% 77 42 545% 30 39.0% 
PPT See ee ee 9 3 33.3% 3 33.3% 34 11 32.4% 9 265% 42 19 45.2% 13. 31.0% | 
Se 4 3 75.0% 3 75.0% 26 9 W6% 5 19.2% 39 16 41.0% 11 28.2% 
Pe Se ee 11 4 34% 3 27.3% 18 4 22.2% 4 22.2% 16 12 75.0% 8 50.0% | 
Other Europe........ 63 31 49.2% 29 46.0% 162 77 47.5% 63 38.9% 197 121 61.4% 84 42.6% | 
| 
| 
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Appendix table 2-34. 

Foreign doctoral recipients from U.S. universities who pian to stay in the United States, by field and region/country of origin: 1980, 1990, and 1992 

(page 3 of 4) 

1980 1990 1992 
Total Ph.D. Plan to stay Firm plans to stay Total Ph.D. Plan to stay Firm plans to stay Total Ph.D. Plan to stay Firm plans to stay 
Region/country recipients inUS iNUS recipients in U.S. in U.S. recipients inuUSs in US. 
Social science 

Europe ........ cad 98 40 40.8% 36 36.7% 172 88 51.2% 65 37.8% 228 144 63.2% 100 43.9% 
Greece ........... 12 4 33.3% 4 33.3% 18 10 55.6% 6 33.3% 22 14 63.6% 8 364% 
United Kingdom .._... 28 15 53.6% 13 46.4% 35 23 65.7% 15 42.9% 50 38 76.0% 27 540% 
Germany ............. 7 2 28.6% 2 286% 21 19 905% 16 76.2% 27 15 55.6% 7 25.9% 
ns se eee seeeseces 4 1 25.0% 1 25.0% 15 6 40.0% 3 20.0% 20 14 70.0% 10 50.0% 
France. ........... 6 2 33.3% 2 33.3% 11 4 36.4% 3 27.3% 12 5 41.7% 5 41.7% 
I a tons 6008 ee 7 3 42.9% 4 57.1% 14 6 42.9% 6 42.9% 23 12 52.2% 10 43.5% 
Other Europe...... 34 13 38.2% 10 29.4% 58 20 345% 16 27.6% 74 46 62.2% 33 446% 

Engineering 

Europe ee, 88 49 55.7% 47 53.4% 205 92 442% 64 31.2% 202 107 53.0% 68 33.7% 
Greece ..._............. 22 10 45.5% 9 40.9% 57 28 49.1% 20 35.1% 59 31 525% 28.8% 
United Kingdom ........ 19 13 68.4% 13 68.4% 15 10 66.7% 7 46.7% 17 14 82.4% 1 64.7% 
Germany ............. 5 3 60.0% 2 40.0% 15 5 33.3% 4 26.7% 18 10 55.6% 38.9% 
2 1 50.0% 1 50.0% 14 6 42.9% 3 214% 10 4 40.0% 2 20.0% 
France............... 6 4 66.7% 2 33.3% 27 12 444% 8 29.6% 25 10 40.0% 4 16.0% 
0 Se 4 3 75.0% 3 75.0% 8 1 12.5% 1 12.5% 6 3 50.0% 2 33.3% 
Other Europe... .. 30 15 50.0% 17 56.7% 69 30 43.5% 21 30.4% 67 35 52.2% 25 37.3% 

All fieids 

North & South America .... 776 191 246% 163 21.0% 1,095 434 396% 329 30.0% 1287 609 47.3% 390 30.3% 
0 301 96 31.9% 89 296% 418 191 45.7% 153 36.6% 506 259 51.2% 190 37.5% 
i ot wine ae 67 12 17.9% 11 16.4% 130 47 36.2% 32 246% 147 48 32.7% 26 17.7% 
i +a see we ens 29 13 448% 10 345% 78 32 41.0% 24 308% 100 47 47.0% 28 28.0% 
ae ois ok aie we 156 7 4.5% 3 1.9% 129 22 17.1% 18 14.0% 160 45 28.1% 22 13.8% 
Chile 39 10 256% 8 205% 56 23 41.1% 15 268% 64 34 53.1% 25 39.1% 
. '. + ockeeeeens 29 10 345% 9 31.0% 46 24 52.2% 18 39.1% 53 28 52.8% 14 26.4% 


eee ee 16 6 37.5% 5 31.3% 28 14 50.0% 12 42.9% 42 27 64.3% 19 45.2% 


Appendix table 2-34. 

Foreign doctoral recipients from U.S. universities who pian to stay in the United States, by field and region/country of origin: 1980, 1990, and 1992 : 

(page 4 of 4) 3 

Re 

1980 1990 1992 m 

: one ve) 

Total Ph.D. Plan to stay Firm plans to stay Total Ph.D. ‘Plan to stay Firm plans to stay Total Ph.D. Plan to stay Firm plans to stay > 

Region/country recipients in U.S. in U.S. recipients in U.S. inU.S recipients in U.S. in U.S. : 

Natural science > 

Q 

North & South America . .. . 272 70 25.7% 60 22.1% 407 153. 37.6% 114 28.0% 499 231 46.3% 153 30.7% & 

Canada.............. 78 38 48.7% 36 46.2% 130 61 46.9% 49 37.7% 163 91 55.8% 72 442% S 

Mexico............... 33 5 15.2% 4 12.1% 65 19 29.2% 12 18.5% 68 25 36.8% 16 23.5% 

Argentina............. 13 6 46.2% 5 38.5% 43 17 39.5% 13. 30.2% 45 18 40.0% 12 26.7% © 

Brazil................ 68 3 44% 1 1.5% 44 10 22.7% 8 18.2% 79 19 24.1% 9 11.4% 8 
Chile................ 18 5 27.8% 3 16.7% 22 9 40.9% 6 27.3% 23 17 73.9% 13 56.5% 
Colombia............. 13 2 15.4% 2 15.4% 27 12 444% 10 37.0% 22 10 45.5% 3 13.6% 
ee 6 3 50.0% 2 33.3% 11 4 36.4% 4 364% 12 8 66.7% 6 50.0% 
Other N/S. America ..... 43 8 18.6% 7 16.3% 65 21 32.3% 12 18.5% 87 43 494% 22 25.3% 

Social science 
North & South America ... . 133 32 24.1% 27 20.3% 179 72 40.2% 56 31.3% 238 116 48.7% 66 27.7% 
ee 57 17 29.8% 14. 246% 81 38 46.9% 34 42.0% 92 51 55.4% 38 41.3% 
Mexico............... 11 3 27.3% 3 27.3% 13 4 30.8% 1 7.7% 29 8 27.6% 1 3.4% 
Argentina............. 2 0 0.0% 0 0.0% 11 5 45.5% 5 45.5% 26 12 46.2% 5 19.2% 
see 31 2 65% 1 3.2% 23 2 8.7% 1 4.3% 21 9 42.9% 5 23.8% 
Rnd noche deseesees 5 1 20.0% 1 20.0% 17 5 29.4% 3 17.6% 14 5 35.7% 3 214% 
Colombia............. 6 4 66.7% 4 66.7% 5 4 80.0% 2 40.0% 6 4 66.7% 2 33.3% 
DG ils Orch ad 6 4 . 3 0 0.0% 0 0.0% 5 3 60.0% 1 20.0% 14 9 64.3% 6 42.9% 
Other N/S. America ..... 18 5 27.8% 4 22.2% 24 11 45.8% 9 37.5% 36 18 50.0% 6 16.7% 
Engineering 

North & South America... . 89 25 28.1% 22 24.7% 40 22 55.0% 16 40.0% 160 84 52.5% 55 34.4% 
ere 20 11 55.0% 11 55.0% 25 10 40.0% 7 28.0% 46 27 58.7% 20 43.5% 
i ¢cdeehseeneeec 13 2 15.4% 2 15.4% 12 6 50.0% 4 33.3% 16 5 31.3% 4 25.0% 
Argentina............. 10 5 50.0% 4 40.0% 31 5 16.1% 4 12.9% 14 9 64.3% 5 35.7% 
eve seseneecaers 24 1 42% 0 0.0% 11 4 34% 3 27.3% 31 9 29.0% 4 12.9% 
hes sa xedeseveees 3 1 33.3% 1 33.3% 8 5 62.5% 4 50.0% 10 2 20.0% 2 20.0% 
Colombia............. 3 2 66.7% 2 66.7% 6 3 50.0% 3 50.0% 9 6 66.7% 4 444% 
i ata hk neds ied 6 2 2 100.0% 2 100.0% 27 16 59.3% 11 40.7% 5 5 100.0% 3 60.0% 
Other N/S. America ..... 14 / 7.1% 0 0.0% 160 71 444% 52 32.5% 29 21 72.4% 13 44.8% 


NOTE: Those doctoral recipients who pian to stay think that they will locate in the United States: those with firm plans have a postdoctora! research appointment or academic, industrial, or other firm ermployment in the United 
States. Order of country is by total number of foreign students in U.S. higher education. 


‘Before 1987, there were almost no Chinese doctoral recipients in the United States: therefore, data listed here are for 1987 rather than for 1980. 
SOURCE: Science Resources Studies Division. National Science Foundation, Survey of Earned Doctorates, unpublished tabulations. 1994. 
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Appendix table 2-35. 
Percentage of foreign doctoral recipients working in the United States: various years 


1984 foreign _____ Percent working in the United States _ —— 

doctoral recipients 1986 1988 1990 1992 

TotalS&@E............... 3,653 40 43 43 42 

Physical science ......... 987 46 48 47 45 

Life science............. 673 24 31 32 33 

Social sciences’ ...... - 746 26 25 27 26 

Engineering............. 1,247 52 55 56 55 
1987-88 foreign Pe _ Percent working in the United States : 

doctoral recipients 1989 1990 1991 1992 

TotaiS&E.............. 9,329 36 40 41 41 

Physical science ......... 2,838 38 45 45 46 

Life science............. 1,676 22 27 30 32 

Social sciences’ ......... 1,574 28 30 30 30 

Engineering............. 3,241 44 47 48 48 


SOURCE: Finn, Michael, L. Pennington, and K.H. Anderson, Foreign Nationals Who Receive Science or Engineering Ph.D.s frorn U.S. Universities: Stay Rates and 
Characteristics of Stayers (Oak Ridge, TN: Oak Ridge Institute for Science and Education, 1995). 


See figure 2-21. Science & Engineering indicators — 1996 
Appendix table 2-36. 
Percentage of 1987-88 foreign doctoral recipients working in the United States, by country: 1989-92 
Foreign Percent working in the United States 
Degree field and country doctoral recipients 1989 1990 1991 1992 
Engineering 
Pn £66.99 04 0%.0066n0800600580466 200 35 55 60 66 
696006 60460006 ¢80600600000002 393 72 79 77 77 
Th 3305 h nou 6.0.66:040000d0006694 35 9 9 9 12 
South Korea... eee 457 25 21 22 20 
PR CG6 eee eeseseeresecisceges 648 51 52 54 53 
Physical science 
China... 386 31 55 60 67 
incha 3 59 70 71 71 
EN 5 bn 660.600 00600000062 } 21 30 30 8 
South Korea. . 286 19 19 17 15 
SEL 6.0.00.6:0:0:0064.0606600068 338 45 50 46 46 
Life science 
China 106 23 42 52 65 
PPPS TT TT TTT TT TrrrTee 103 46 56 64 66 
i 205608 8 6606 0000000008008 19 21 30 30 8 
PE - 6960 0usseeecerescosee 138 23 19 18 20 
CR ceécceceseacecsceceeesnses 190 35 43 37 42 
Social science 
he 6099000080060000000000086 25 21 26 34 38 
eh6006 409 6-000006000000000066 79 57 57 56 56 
DY. 65500646468 0000b00000000.8 69 28 31 30 28 
South Korea........... peseceneoee 197 11 9 10 3 
tik 6 he 6 hbdnendo4nknnsnsets 102 31 32 31 27 


SOURCE: Finn, Michael, L. Pennington, and K.H. Anderson, Foreign Nationals Who Receive Science or Engineering Ph.Ds from US Universities: Stay Rates and 
Characteristics of Stayers (Oak Ridge, TN: Oak Ridge Institute for Science and Education, 1995) 
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Appendix table 2-37. 
S&E doctoral degrees earned by Asian students within Asian univer- 
sities and from U.S. universities: 1975-93 


Within Asian Within U.S 
— “esate eter 
WN s 0:0.00-0640049000000800849-66600 3,598 NA 
RR oo éetencdteceseseeeegansesede 3,958 NA 
DT 6:4:6.6: 46-94 06064 0000000068600 8 68 4,358 NA 
BED 65 6. 4.00%04¢0 00s 00h 600000666604 4,521 NA 
SE 6 45-6 vee eeesesebnsneeeteeesss 4,946 NA 
BED 6 0-6 0050500 6eeeceseaseegs 5,195 NA 
SD 6.066-0:0:06.0265004 6660244080408 5,598 NA 
BE sen.gdboe seeebeeeu cen gee cee 5,715 NA 
PE gu ddevevecccvetesaeneecenens 5,808 1,107 
BE 0:66:66:0:6.0.9.044500 0600600000668 6,074 1,342 
RD 9 6.60066 094546.0000009005460068 6,675 1,515 
BD 360 a5 606604000000.09000960005 6,798 1,659 
SIP eereeevrrerrerrrrerre 7,133 1,974 
DE ces ceccccceeeconcecespeeeate 8,313 2,266 
BD ce ecceccesteeceneceesenetees 9,021 2,583 
ME 95600sseeeseeeseeneeeeeeerse 8,946 3,674 
BE Se cccdvecesccecseaneeeeeeenr 9,599 4,518 
PP rrrrr rrr errrrirre sy 10,159 4,919 
Dt. ctesesseneeeeeeebeedeaenbasee NA 4,970 


S&E = science and engineering; NA = not available 
NOTE: Includes 6 Asian countries: China, india, Japan, Singapore, South Korea, and Taiwan. 
SOURCES: For Asian universities, Science Resources Studies Division, National Science 


1993, NSF 94-318 (Arlington, VA: NSF, 1995). 
See figure 2-22. Science & Engineering indicators — 1996 


Appendix table 2-38. 
Financial support to full-time science and engineering graduate students, by field and type of major support: 1983-93 
(page 1 of 4) 


279 


Type of major support 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
All science and engineering 

Total... 252,050 254.021 257,411 266,265 271,150 275,366 282,813 292,958 307,249 322,895 330,249 
Feliowships __. 21,365 21,638 22,576 22,966 21,965 22,366 23,513 25,305 26,751 28,705 29,335 
Traineeships.............. 13,513 13,465 13,665 13,526 14,096 14,418 14,527 15,213 15,417 15,383 15,317 
Research assistantships 54,896 57,745 61,007 66,026 70,224 74,568 79,006 80,714 85,154 88,006 89,729 
Teaching assistantships 60,073 61,267 61,827 62,565 62,866 63,166 64,417 65,056 65,312 65,719 66,996 
Other types of support.......... 102,203 99,906 98,336 101,182 101,999 100,848 101,350 106,670 114,615 125,082 128,872 

Physical sciences 

Ns bé006s40c48 0400000000450 25,204 25,852 26,669 27,762 28,412 28,574 29,207 29,492 30,125 30,675 30,619 
Fellowships .................... 1,929 2.091 1,929 1,895 1,847 1,821 1,964 2,254 2,661 2,837 2,730 
Traineeships.................... 399 357 418 524 541 502 583 666 793 707 738 
Research assistantships ....._. 9,145 9.628 10,284 10,992 11,556 12,056 12,442 12,138 12,230 12,447 12,246 
Teaching assistantships............ 11,270 11,339 11,467 11,654 11,752 11,600 11,754 11,839 11,702 11,848 12,043 
Other types of support............. 2,461 2,437 2,571 2,697 2,716 2,595 2,464 2,595 2,739 2,836 2,862 

Earth, atmospheric, and oceanographic sciences 

Sie -o #¥:6.06.6004504040004064¢504 11,968 11,734 11,334 11,249 10,435 10,199 10,027 10,262 10,395 11,011 11,403 
Fellowships ................. 874 944 965 829 727 762 748 797 896 894 901 
Traineeships.................... 272 178 168 149 174 153 112 84 93 120 146 
Research assistantships ... . 3,529 3,565 3,707 3,827 3,647 3,880 4.156 4,198 4,399 4,627 4,788 
Teaching assisiantships......... 2,860 2,833 2,611 2,640 2,475 2,523 2,435 2,390 2,345 2,455 2.498 
Other types of support............. 4,433 4,214 3,883 3,804 3,412 2,881 2,576 2,793 2,662 2,915 3,070 

Life sciences 

SG poangestedabaceduanne sani 36,756 37,135 37,007 37,816 38,239 39,214 40,361 40,959 42,718 44,432 46,547 
Fellowships 3,584 3,666 3,956 4,232 4,238 4,172 4,484 4,683 4,700 5.067 5,285 
Traineeships... .. 4,326 4,321 4,217 4,187 4,404 4,607 4,684 4,871 5,094 4,831 4,890 
Research assistantships _ . 10,171 10,905 11,220 12,087 12,943 14,122 15,188 15,765 16,844 17,642 18,845 
Teaching assistantships............ 9,587 9,521 9,422 9,078 8,706 8,599 8,871 8,705 8,799 8,954 9,175 
Other types of support . 9,088 8,192 8,232 7,948 7,714 7,134 6,935 7,281 7,938 8,352 
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Appendix ta.Je 2-38. 
Financial support to full-time science and engineering graduate students, by field and type of major support: 1983-93 
(page 2 of 4) 
& 
Type of major support 1983 1984 1985 1986 1987 1988 1989 1990 1991 1962 1993 m 
Agriculture ; 
Total ree -epeweee _ 9,952 9.881 9,240 9,338 9,091 9.123 9,076 9,092 9.291 9 442 9,497 é 
Fellowships .................... 610 620 607 602 492 467 534 547 491 505 559 . 
Traimeeships.................... 228 143 121 105 150 155 125 113 130 130 169 S 
Research assistantships ........... 4 650 4,777 4443 4,705 4.605 4,556 4,729 4,752 5,007 5.175 5,252 
Teaching assistantships............ 896 851 848 773 73 837 766 791 781 786 882 ~ 
Other types of support... ..__. 3,568 3,490 3,221 3,153 3,108 3,108 2,922 2,889 2,882 2.846 2,635 $ 
Mathematics 
Total 10,957 114,311 11,817 12.390 13,044 13,513 13,683 13,867 14,258 14,681 14.584 
Fellowships 694 766 857 909 860 941 1,002 1,126 1,365 1,416 1,374 
Traineeships 124 159 149 128 157 202 211 181 207 220 258 
Research assistantships ......... 803 872 998 1,038 1,111 1,226 1,304 1,335 1,356 1,410 1,395 
Teaching assistantships 6,445 6,624 6,806 7,154 7,461 7,594 7,829 7,871 7,766 7.7393 7,575 
Other types of suppont.......... 2,891 2,890 3,007 3,161 3,455 3,550 3,337 3,354 3,564 3,896 3,982 
Computer science 
Total ee, 10,600 11,436 13,861 15,020 15,336 15,133 15.606 16,690 16,538 17,498 17,458 
Fellowships 490 551 772 823 780 803 843 955 901 634 813 
Traineeships 45 88 93 127 106 113 133 148 135 148 229 
Research assistantships 1,390 1,613 2,058 2,322 2.817 3,032 3,324 3,334 3,565 3,682 3,747 
Teaching assistantships... . . 2,388 2,727 3,195 3,228 3,384 3,416 3,471 3,685 3,503 3,542 3,574 
Other types of support. 6,287 6,457 7,743 8,520 8.249 7,769 7,835 8.568 8,434 9.242 9,095 
Psychology 
Cg oo cedesbesesecreresss 26,561 25,969 25,335 26,255 27,256 28,224 29,478 30,791 32,443 34,350 34,953 
Fellowships . weTTTTT TTT 1,270 1,295 1,277 1,421 1,431 1,524 1 489 1,666 1,733 1,921 1,983 
ee - 1,379 1,474 1,599 1,322 1,240 1,241 1,178 1,130 1,194 1,174 1,069 
Research assistantships .......... 2,959 3,024 3,070 3,101 3,227 3,722 3,852 4,079 4,262 4,324 4,500 
Teaching assistantships............ 5,007 5,048 5,145 5,352 5,367 5,493 5,761 5,805 5,822 5,786 6.204 
Other types of supportt............. 15,946 15,128 14,244 15,059 15.991 16,244 17,198 18,111 19,432 21,145 21,197 
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Appendix table 2-38. 3 

Financial support to full-time science and engineering graduate students, by field and type of major support: 1983-93 a 

(page 3 of 4) 

Type of major support 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 

Social sciences 

RRR ee ay ca ee eee 43,516 42,578 42,908 42,866 43,491 43,742 45,147 48,376 50,518 54,213 55,622 
REE eer ee a 5,676 5,389 5,716 5,814 5,375 5,953 6,002 6,337 6,520 7,169 7,463 
CC 1,153 1,127 1,074 1,120 1,515 1,627 1,723 1,855 1,705 1,747 1,674 
Research assistantships ........... 5,031 5,168 5,085 5,100 5,497 5,615 6,172 6,408 6,750 7,199 7,240 
Teaching assistantships............ 9,442 9,504 9,349 9,259 9,573 9,729 10,076 10,604 10,843 11,154 11,415 
Other types of support............. 22,214 21,390 21,684 21,573 21,531 20,818 21,174 23,172 24,700 26,944 27,830 

All engineering 

ERR res payer eyen oe ee 53,906 55,165 55,895 60,164 61,931 63,066 64,408 65,998 71,099 74,555 73,962 
RE AEE ree er 4,778 4,827 4,751 4,875 4,605 4,448 4,737 5,205 5,769 6,121 6,191 
RES ee 760 733 755 839 913 940 990 1,017 1,115 1,009 1,056 
Research assistantships ........... 15,544 16,300 17,910 20,418 22,170 23,449 24,593 25,300 26,782 27,536 27,777 
Teaching assistantships............ 10,067 10,561 10,753 11,084 11,119 11,177 11,147 10,999 11,268 10,949 11,094 
Other types of support............. 22,757 22,744 21,726 22,948 23,124 23,052 22,941 23,477 26,165 28,940 27 844 

Chemical engineering 

EP Pee ae ee a eee ae 5,869 5,734 5,546 5,594 5,674 5,359 5,282 5,443 5,788 5,946 6,021 
ee eee ee 878 901 849 823 805 709 656 744 691 738 720 
I hh ie kia: 4 inne @ 0h 80-9 141 131 94 108 124 105 145 148 173 153 123 
Research assistantships ........... 2,255 2,329 2,454 2,582 2,745 2,814 2,813 2,839 2,987 3,012 3,099 
Teaching assistantships............ 1,129 1,121 1,065 1,000 994 954 903 941 1,006 1,021 1,016 
Other types of support............. 1,466 1,252 1,084 1,081 1,006 777 765 771 931 1,022 1,063 

Civil engineering 

weds weeeh 6400" bed cd 9,804 10,086 9,749 9,971 9,628 9,946 9,964 10,128 11,328 12,439 12,497 
I ee ee ee 607 513 639 598 466 553 624 620 677 799 809 
CR Cite ied ay wh ke dee 113 130 138 188 208 196 202 211 214 219 210 
Research assistantships ........... 2,245 2,440 2,417 2,786 2,900 3,072 3,042 3,115 3,565 3,931 4,027 
Teaching assistantships............ 1,490 1,624 1,657 1,733 1,746 1,739 1,707 1,652 1,667 1,646 1,801 


Other types of support............. 5,349 5,379 4,898 4,666 4,308 4,386 4,389 4,530 5,205 5,844 5,650 
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Appendix table 2-38. 

Financial support to full-time science and engineering graduate students, by field and type of major support: 1983-93 

(page 4 of 4) 

Type of major support 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 

Electrical engineering 

ii ition 6 talk bh tk Meaaieeene kai 13,265 13,925 14,799 16,290 17,101 17,706 18,466 18,675 19,904 21,010 20,438 
I ie ae aie 1,064 1,146 1,154 1,185 1,069 1,058 1,222 1,262 1,424 1,502 1,486 
ee 124 114 148 168 135 158 162 157 187 162 191 
Research assistantships ........... 3,206 3,179 3,695 4,474 5,132 5,735 6,141 6,224 6,556 6,867 6,866 
Teaching assistantships............ 3,048 3,303 3,326 3,501 3,366 3,399 3,503 3,459 3,487 3,451 3,417 
Other types of support............. 5,823 6,183 6,476 6,962 7,399 7,356 7,438 7,573 8,250 9,028 8,478 

Mechanical engineering 

ESN re 8,330 8,698 8,875 9,789 10,230 10,426 10,464 10,816 11,687 12,433 12,441 
I ld dh ng os bw aia 653 672 627 669 630 553 571 715 868 909 937 
til ila as on ue osm 0d 84 92 129 139 150 179 187 183 179 168 205 
Research assistantships ........... 2,371 2,663 3,280 3,666 3,947 4,069 4,248 4,306 4,630 4,731 4,787 
Teaching assistantships............ 1,992 2,080 2,082 2,160 2,242 2,286 2,252 2,256 2,205 2,185 2,244 
Other types of support............. 3,230 3,191 2,757 3,155 3,261 3,339 3,206 3,356 3,805 4,440 4,268 

Industrial engineering 

ESR Pa ie ray aera ren 3,286 3,391 3,455 3,805 4,155 4,294 4,664 4,779 5,607 6,088 5882 
CR te Se eo eee Ue) 180 201 193 196 194 176 211 250 260 269 281 
ee eas a 6 6a aw hee 34 14 24 17 48 44 43 36 32 27 48 
Research assistantships ........... 423 554 572 705 923 1,030 1,141 1,130 1,249 1,235 1,254 
Teaching assistantships............ 663 711 825 850 798 753 8,18 854 893 891 928 
Other types of support............. 1,986 1,911 1,841 2,037 2,192 2,291 2,451 2,509 3,173 3,666 3,371 

Other engineering 

TTT ree TCT e TPT er eT 13,352 13,331 13,471 14,715 15,143 15,335 15,568 16,157 16,785 16,639 16,683 
EE eee ee 1,396 1,394 1,289 1,404 1,441 1,399 1,453 1,614 1,849 1,904 1,958 
CC ee 264 252 222 219 248 258 251 282 330 280 279 
Research assistantships ........... 5,044 5,135 5,492 6,205 6,523 6,729 7,208 7,686 7,795 7,760 7,744 
Teaching assistantships............ 1,745 1,722 1,798 1,840 1,973 2,046 1,964 1,837 2,010 1,755 1,688 
Other types of support............. 4,903 4,828 4,670 5,047 4,958 4,903 4,692 4,738 4,801 4,940 5,014 

SOURCE: Science Resources Studies Division, National Science Foundation, Selected Data on Graduate Students and Postdoctorates in Science and Engineering: Fall 1993, NSF 95-316 (Arlington, VA: 1995). 

See figure 2-25. Science & Engineering Indicators — 1996 
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Appendix tabie 2-39. 


Primary financial support to full-time science and engineering graduate students, by source and mechanism: 1983-93 


(page 1 of 2) 
1983 1984 1985 1986 1987 1988 1989 1990 199% 1992 1993 
Totaisupport................... 252,050 254,021 257,411 266,265 271,150 275,366 282,813 292,958 307,249 322,895 330,249 
TE a 21,365 21,638 22,576 22,966 21,965 22,366 23,513 25,305 26,751 28,705 29,335 
in 6 6 aide 84:8 13,513 13,465 13,665 13,526 14,096 14,418 14,527 15,213 15,417 15,383 15,317 
Research assistantships ........... 54,896 57,745 61,007 66,026 70,224 74,568 79,006 80,714 85,154 88,006 89,729 
Teaching assistantships............ 60,073 61,267 61,827 62,565 62,866 63,166 64,417 65,056 65,312 65,719 66,996 
Mechanism unknown.............. 102,203 99,906 98,336 101,182 101,999 100,848 101,350 106,670 114,615 125,082 128,872 
Total Federaisupport............. 47,763 47,799 49,062 51,380 53,545 55,483 57,441 59,282 63,021 65,606 67,327 
A 4,118 4,125 4,423 4,600 4,449 4,569 5,177 6,317 7,446 7,761 7,525 
a 9,113 8,970 8,954 8,688 8,922 8,670 8,682 9,242 9,632 10,030 10,116 
Research assistantships ........... 29,152 29,463 30,433 32,747 34,996 36,742 38,543 38,500 40,782 42,576 44,227 
Teaching assistantships............ 498 400 549 497 444 504 490 609 476 643 890 
Mechanism unknown.............. 4,882 4,841 4,703 4,848 4,734 4,998 4,549 4,614 4,685 4,596 4,569 
National Science Foundation........ 9,523 9,848 10,180 10,827 11,248 11,625 11,890 12,019 12,661 13,361 13,410 
hehe bes hed «ea ew 04 1,307 1,340 1,398 1,512 1,489 1,587 1,780 2,109 2,267 2,398 2,307 
es tite an ke how eam ws 61 49 56 27 83 68 84 47 80 106 164 
Research assistantships .......... 8,066 8,283 8,558 9,084 9,487 9,813 9,865 9,699 10,156 10,645 10,701 
Teaching assistantships........... 25 28 43 75 27 58 66 86 75 114 138 
Mechanism unknown............. 64 148 125 129 162 99 95 78 83 98 100 
National Institutes of Health......... 10,810 10,983 11,112 11,877 12,944 13,715 14,357 14,997 16,020 17,108 18,072 
Kh. hoe bese es bee beet 569 612 621 644 686 652 651 790 878 1,052 1,151 
ee 4,463 4,291 4,074 3,933 4,230 4,110 4,015 4,402 4,794 4,974 5,102 
Research assistantships .......... 5,456 5,762 6,147 7,001 7,662 8,598 9,342 9,464 9,990 10,632 11,328 
Teaching assistantships........... 75 42 58 82 123 117 129 97 90 173 175 
Mechanism unknown............. 247 276 212 217 243 238 220 244 268 277 316 
Other Health & Human Services. ..... 4,179 4,124 4,740 4,500 4,247 4,190 4,296 4,512 4,451 4,261 3,793 
cca khGe KR od 00800004 202 180 243 172 162 174 225 191 196 202 181 
ES Te Tee eee 3,242 3,229 3,542 3,453 3,093 3,127 3,050 3,217 3,050 2,952 2,746 
Research assistantships .......... 549 583 751 710 814 765 910 979 1,065 986 721 
Teaching assistantships........... 37 29 39 28 28 26 14 24 22 28 27 
Mechanism unknown............. 149 103 165 137 150 98 97 101 118 93 118 
Department of Defense............ 6,969 7,131 7,332 7,945 8,798 9,535 9,139 8,863 9,123 9,244 9,607 
CE +s ches seedcsedeeees 256 240 263 294 34S 360 415 595 704 676 656 
I. pe ddundeeeos sees 44 44 49 79 137 133 112 110 133 107 122 
Research assistantships .......... 3,934 4,081 4,195 4,646 5,617 6,016 5,906 5,396 5,469 5,715 6,175 
Teaching assistantships........... 0 0 0 0 0 0 0 0 0 0 0 
Mechanism unknown............. 2,735 2,766 2,825 2,926 2,695 3,026 2,706 2,762 2,817 2,746 2,654 
eb 6640404 400048048 16,282 15,713 15,698 16,231 16,308 16,418 17,759 18,891 20,766 21,632 22,445 
ss 4 8460000664060 62 1,784 1,753 1,898 1,978 1,763 1,796 2,106 2,632 3,401 3,433 3,230 
CN 64 640644658 00000068 1,303 1,421 


1,357 


1,196 


seiqe | xipueddy ‘y xipueddy 


Appendix table 2-39. % 
Financial support to full-time science and engineering graduate students, by source and mechanism: 1983-93 o 
(page 2 of 2) 3 
Qo 
1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 3 
Research assistantships .......... 11,147 10,754 10,782 11,306 11,416 11,550 12,520 12,962 14,102 14,598 15,302 3 
Teaching assistantships........... 361 301 409 312 266 303 281 402 289 328 550 a 
Mechanism unknown............. 1,687 1,548 1,376 1,439 1,484 1,537 1,431 1,429 1,399 1,382 1,387 & 
3 
Nonfederal support............... 123,038 127,023 130,656 135,961 137,775 140,627 145,132 149,248 152,501 155,779 156,394 $ 
TE Chas oe ane eee eeoe es 17,247 17,513 18,153 18,366 17,516 17,797 18,336 18,988 19,305 20,944 21,810 Ss 
Traineeships.................... 4,400 4,495 4,711 4,838 5,174 5,748 5,845 5,971 5,785 5,353 5,201 . 
Research assistantships ........... 25,744 28,282 30,574 33,279 35,228 37 826 40,463 42,214 44,372 45,430 45,502 ~ 
Teaching assistantships............ 59,575 60,867 61,278 62,068 62,422 62,662 63,927 64,447 64,836 65,076 66,106 rs 
Mechanism unknown.............. 16,072 15,866 15,940 17,410 17,435 16,594 16,561 17,628 18,203 18,976 17,775 
Ee 81,249 79,199 77,693 78,924 79,830 79,256 80,240 84,428 91,727 101,510 106,528 
‘Mechanism ts unknown for all students in self-support category. 
SOURCE: Science Resources Studies Division, National Science Foundation, Selected Data on Graduate Students and Postdoctorates in Science and Engineering: Fall 1993, NSF 95-316 (Arlington, VA: NSF, 1995). 
See figure 2-23. Science & Engineering indicators — 1996 
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Appendix table 2-40. 
Full-time science and engineering graduate students, by field and source of major support: 1983-93 
(page 1 of 4) 
Field and source 1983 1984 1985 1986 1987 1988 1989 ‘990 1991 1992 1993 
Total, alifields .................. 252,050 254,021 257,411 266,265 271,150 275,366 282,813 292.958 307,249 322.895 330,249 
st os tee ok ene es ee é 47,763 47,799 49.062 51,380 53,545 55,483 57,441 59.282 63,021 65,606 67,327 
National Science Foundation ....... 9523 9,848 10,180 10,827 11,248 11.625 11,890 12,019 12,661 13,361 13,410 
National Institutes of Health... ... .. 10,810 10,983 11,112 11,877 12,944 13,715 14,357 14,997 16,020 t7,108 18,072 
Health & Human Services'......... 4,179 4.124 4,740 4,500 4,247 4,190 4,296 4,512 4.451 4.261 3,793 
Department of Defense ........... 6,969 7,131 7,332 7,945 8,798 9,535 9,139 8,863 9.123 9.244 9,607 
Other Federal.................. 16,282 15,713 15,698 16,231 16,308 16,418 17,759 18,891 20,766 21,632 22,445 
Nonfederal...................0... 123,038 127,023 130,656 135,961 137,775 140,627 145,132 149.248 152.501 155,779 156,394 
Self-support..................... 81,249 79,199 77,693 78,924 79,830 79,256 80,240 84,428 91,727 101,510 106,528 
Total, sciences... ...s.—s.—i............... 175,514 175,896 178,171 182,696 185,304 187,722 192.585 199,529 206 286 216,302 220,683 
ET gr 30,031 30,362 31,548 32,882 33,974 35,173 36,746 37 832 40,061 41,730 43,335 
National Science Foundation... .... 6,806 7,106 7,450 7,653 7,711 7,773 8,077 8,088 8.308 8.686 8,809 
National institutes of Health ........ 9.111 9 461 9574 10,261 10,943 11,774 12,291 12,707 13,446 14,251 15,033 
Health & Human Services'....... 1,012 866 1,094 1,017 1,035 924 1,092 1,142 1,224 1,128 833 
Department of Defense ........... 2,736 3,065 3,276 3,594 3,967 4,298 3,937 3,763 3,824 3,882 4,075 
Other Federal.................. 10,366 9.864 10,154 10,357 10,318 10,404 11,349 12,132 13,259 13,783 14,585 
Nonfederal..................... 91,972 93,874 95,337 98,135 99,194 101,452 103,986 106,975 108,235 110,908 111,506 
Self-support..............00...... 53,511 51,660 51,286 51,679 52,136 51,097 51,853 54,722 57,990 63,664 65,842 
Physical sciences 25,204 25,852 26.669 27,762 28,412 28,574 29,207 29,492 30,125 30,675 30,619 
Federal eembeesseceean 8.126 8,640 8,821 9.521 9.716 9,857 10,247 10,284 10,835 11,009 11,010 
National Science Foundation... .. .. 3,218 3,406 3,516 3,669 3,589 3,656 3,612 3,567 3,571 3,601 3,594 
National Institutes of Health. ....... 1,437 1.506 1.635 1,847 1,930 2,002 1,981 1,952 1,874 2,056 2,050 
Health & Human Services’ 98 122 161 165 167 150 130 144 168 132 111 
Department of Defense . 831 1,011 1,024 1,161 1,292 1,475 1,392 1.214 1.227 1,196 1,109 
Other Federal 2,542 2,595 2,485 2,679 2.738 2,574 3,132 3,407 3,995 4,024 4,146 
Nonfederal 15,306 15,531 16,053 16,348 16,693 16,840 17,157 17,250 17.284 17,707 17,520 
Self-support 1,772 1,681 1,795 1,893 2,003 1,877 1,803 1,958 2,006 1,959 2,089 
Earth/atm/ocean sciences 11,968 11,734 11,334 11,249 10,435 10,199 10,027 10,262 10,395 11,011 11,403 
Federal 5 eed ms 2,870 2,842 2,944 3,017 2.858 2.789 2,895 2.993 3,122 3,436 3,646 
Nationa! Science Foundation 1,325 1,338 1.372 1,356 1,260 1,236 1,253 1.210 1,223 1,320 1,361 
Nationa! institutes of Health 15 30 26 25 24 19 17 21 23 43 41 
Health & Human Services’ 23 11 15 14 33 32 8 13 33 6 7 
Department of Defense 365 372 418 453 499 461 435 452 452 472 521 
Other Federal . 1,142 1,091 1,113 1,169 1,042 1,041 1,182 1,297 1,391 1,595 1,716 
Nonfederal........ 5,513 5,577 5,486 5,512 5.166 5,317 5,252 5.217 5,298 5,339 5,356 
Self-support 3,585 3,315 2,904 2,720 2,411 2,093 1,880 2,052 1,975 2.236 2,401 
Agricultural sciences | 9,952 9.881 9,240 9,338 9.091 9,123 9,076 9,092 9.291 9 442 9 497 
Pe 1,568 1,416 1,559 1,457 1,713 1,784 1,815 1,800 1,891 1,993 1,976 
Nationa! Science Fourdation . 71 70 96 72 61 50 48 65 61 76 75 
National institutes of Health... .. 21 19 17 14 22 33 26 40 38 38 30 
Health & Human Services’......... 2 1 0 1 8 1 11 5 8 3 2 
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Appendix table 2-40. 


Full-time science and engineering graduate students, by field and source of major support: 1983-93 


(page 2 of 4) 

Field and source 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
Department of Defense ........... 15 17 28 17 30 32 13 18 26 18 34 
Other Federal............... 1,459 1,309 1,418 1,553 1,592 1,668 1,717 1,672 1,758 1,858 1,835 

Nonfederal................. 5,880 6,022 5,438 5,464 5.274 5.260 5.166 5,226 5.261 5,304 5,312 
Self-support...... 22... 000 .. 2,504 2,443 2.243 2.217 2.104 2.079 2,095 2.066 2,139 2,145 2,209 
Biological sciences......-.=-=-.-.ssisi«i#“‘a 36,756 37,135 37,007 37,816 38,239 39,214 40,361 40.959 42,718 44,432 46,547 
ih itt ie nee é 6 ae 10,252 10,429 10,689 11,124 11,865 12,475 13,266 13,667 14,510 15,159 16,219 
National Science Foundation... .... 1,060 1,077 1,074 1,079 1,135 1,121 1,253 1,212 1,284 1,350 1,372 
National institutes of Health. ....._.. 6,771 7,002 7,044 7,527 8,049 8,661 9.265 9 584 10,213 10,642 11,282 
Heaith & Human Services'......... 310 223 357 367 326 267 353 367 452 417 331 
Department of Defense ........... 243 241 220 189 248 283 251 222 223 232 271 
Other Federal.................. 1,868 1,886 1,994 1,962 2,107 2,143 2,144 2,282 2,338 2,518 2,963 
Nonfederal..................... 19,781 20,181 20,227 20,656 20,702 21,299 21,877 22,392 22,996 23,553 23,955 
Self-support.... 2... ee. 6,723 6,525 6,091 6,036 5,672 5,440 5.218 4,900 5,212 5.720 6,373 
Mathematics ...—-.—s-.sa.is............ 10,957 11,311 11,817 12,390 13,044 13,513 13,683 13,867 14,258 14,681 14.584 
Ee 760 762 929 999 1,090 1,190 1,221 1,335 1,505 1,499 1,471 
National Science Foundation ....... 223 279 321 357 436 463 475 491 452 457 465 
National institutes of Health. ....... 28 22 18 19 24 25 28 39 64 111 74 
Health & Human Services'......... 13 4 3 5 6 3 8 10 5 7 6 
Department of Defense ........... 310 304 38 432 438 513 395 367 376 386 398 
Other Federal.................. 186 153 201 186 186 186 315 428 608 538 528 
Nonfederal........ 6.2... ee, 8,004 8.399 8,658 9.083 9,384 9.747 9,958 10,049 10,121 10,204 9.949 
Sell-eupport .... 2.2... .... ce eee 2,193 2,150 2.230 2,308 2,570 2.576 2,504 2,483 2,632 2,978 3,164 
Computer sciences... ..-.=-.—s.—ai—si(é(éy#(«”#(w¥A.L 10,600 11,436 13,861 15,020 15,336 15,133 15,606 16,690 16,538 17,498 17,458 
FE 1,124 1,267 1,635 1,889 2,076 2.219 2,324 2,409 2,533 2,661 2,927 
National Science Foundation... .... 380 429 500 523 619 632 777 819 896 962 992 
National institutes of Health. ....... 26 24 20 43 61 64 53 62 65 101 99 
Health & Human Services'......... 3 1 0 2 1 0 7 G 6 3 14 
Department of Defense ........... 475 630 858 1,036 1,132 1,214 1,164 1.129 1,131 1,210 1,324 
Other Federai.................. 240 183 257 285 263 309 323 390 435 385 501 
Nonfederal..................... 4,017 4,437 5,670 6.090 6,248 6,443 6,620 6,934 6,796 6,959 6,911 
Self-support..... 0... ee, 5.459 5,732 6,556 7,041 7,012 6,471 6,662 7,347 7,209 7,878 7,620 
Ps ¢.0:06650000000000686 26,561 25,969 25,335 26,255 27,256 28.224 29,478 30,791 32,443 34,350 34,953 
ET +5405 6 4060060060%.0% 2,137 2,058 2,048 2,025 2,049 2,170 2.211 2,410 2,502 2,587 2,621 
National Science Foundation 190 206 235 231 246 233 236 262 268 285 313 
National institutes of Health. ...... 600 647 619 586 627 763 720 799 901 963 1,154 
Health & Human Services’ 424 393 434 361 379 361 463 490 451 436 251 
Department of Defense... ........ 174 157 140 158 177 153 113 156 159 136 163 
Other Federal............. 749 655 620 689 620 660 679 703 723 767 740 
Ps «5.660060 020066066686 11,173 11,627 11,742 12,326 12,174 12,329 12,865 13,310 13,397 13,844 14,280 
Self-supportt.... 6... eee, 13,251 12,284 11,545 11,904 13,033 13,725 14,402 15,071 16,544 17,919 18,052 

(continued) 
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Appendix table 2-40. 


Full-time science and engineering graduate students, by field and source of major support: 1983-93 


(page 3 of 4) 
Field and source 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
Social sciences ..=«s—a_azsi(#é#éiw##((j(NYL 43,516 42 578 42,908 42,866 43,491 43,742 45,147 48.376 50,518 54.213 55,622 
il ao ee 5 6 6 3,194 2.948 2,923 2,650 2,607 2.689 2,767 2.934 3,163 3,386 3,465 
National Science Foundation ...._ _. 339 301 336 36 365 382 423 462 553 635 637 
National institutes of Health. .....__. 213 211 195 200 206 207 201 210 268 297 303 
Health and Human Services’ .._—_—_. 139 111 124 102 115 110 112 104 101 124 114 
Department of Defense 323 333 202 148 151 167 174 205 230 232 255 
Other Federal............. 2,180 1,992 2.066 1834 1,770 1,823 1,857 1,953 2,011 2,098 2,156 
Nonfederal................... 22,298 22,100 22,063 22.656 23,553 24,217 25,091 26,597 27 ,082 27,998 28,223 
Self-supportt.... ee eee 18,024 17,530 17,922 17,560 17,331 16,836 17,289 18.845 20,273 22,829 23,934 
Total,engineering.....-.-=-=ssiéi(‘(‘(‘(‘( (s 53,906 55,165 55,895 60,164 61,931 63,066 64 408 65,998 71,089 74,555 73,962 
AE 0h ts oe eo teen nee et 11,979 11,585 11,264 12,377 13,125 13,987 74,220 14,681 15.991 16,569 16,762 
National Science Foundation ....... 2.686 2,698 2.687 3,129 3,486 3,803 3,765 3,882 4.297 4,605 4511 
National institutes of Health. ....... 480 467 457 449 515 531 618 661 724 798 793 
Health and Human Services’....__. 98 78 70 87 114 70 81 99 86 103 130 
Department of Defense ........... 4,015 3,808 3,776 4.116 4,590 4,992 4,835 4,724 4,882 4,963 5.117 
Other Federal.................. 4,700 4534 4.274 4.596 4,420 4,591 4,921 5.315 6,002 6,100 6,231 
Nonfederal...... 6... ee 24,523 26,162 28,036 30.419 31,186 31,702 32,909 33,725 35,266 35,513 34,949 
Self-support.... 6 eee 17,404 17,418 16,595 17,368 17,620 17,377 17,279 17,592 19.842 22,473 22,231 
Chemicaiengineering.............. 5,869 5,734 5,546 5,594 5.674 5,359 5,282 5.443 5.788 5,946 6,021 
EE 1,361 1,315 1,289 1,394 1,501 1,452 1,459 1,529 1,598 1,654 1,742 
National Science Foundation ..___. 602 606 622 652 692 683 654 679 664 699 725 
National institutes of Health... . 41 60 52 67 70 79 87 119 128 146 119 
Health and Human Services’ 12 7 1 2 8 4 0 2 4 20 22 
Department of Defense Qa 92 90 101 150 145 130 98 134 123 138 
Other Federal 607 550 524 572 561 541 588 631 668 666 738 
Nonfedera!l 3,311 3,385 3,364 3,349 3,380 3,300 3.254 3.346 3,510 3,478 3,405 
Self-support 1,197 1,034 893 851 793 607 569 568 680 B14 874 
Civil engineering 9.804 10,086 9.749 9,971 9,628 9 946 9 964 10,128 11.328 12,439 12,497 
Federal _. Lennounesee 1,333 1,348 1,304 1,370 1,428 1,512 1,403 1,467 1,752 2,025 1,965 
National Science Foundation 371 371 356 390 462 420 382 428 498 532 509 
National institutes of Health 16 8 4 18 8 3 16 11 31 38 3 
Health and Human Services' 10 0 G 10 4 2 2 4 4 5 8 
Department of Defense 166 224 256 250 277 327 280 235 273 349 328 
Other Federal 770 746 674 702 677 760 723 789 946 1,101 1,090 
Nontederai . 4,198 4,342 4.459 4,794 4677 4,952 5.104 5.169 5,543 5,861 5,926 
Selt-support 4.273 4,395 3,986 3,807 3,523 3,482 3,457 3,492 4,033 4,553 4,606 
Electrical engineering. 13,265 13,925 14,799 16,290 17,101 17,706 18,466 18,675 19.904 21,010 20,438 
has j 2,967 2,760 2,396 2,799 3,060 3,467 3,476 3,571 3,866 4,061 4,064 
National Science Foundation 645 600 558 760 852 1,135 1,084 1,133 1,278 1,388 1,277 
National institutes of Health 77 75 62 57 56 75 45 55 76 81 86 
Health and Human Services’ 26 20 20 23 32 22 16 22 9 4 17 
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Appendix table 2-40. 


Full-time science and engineering graduate students, by field and source of major support: 1983-93 


(page 4 of 4) 

Field and source 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
Department of Defense ........... 1,704 1,556 1,300 1,416 1,587 1,687 1,675 1,646 1,644 1,700 1,737 
ee i 515 509 456 543 533 548 656 715 859 883 947 

RESET Rear 5,904 6,657 7,402 8,383 8,365 8,546 9,273 9,308 9,644 9,792 9,545 
EE ore 4,394 4,508 5,001 5,108 5,676 5,693 5,717 5,796 6,394 7,157 6,829 
Mechanical engineering ........... 8,330 8,698 8,875 9,789 10,230 10,426 10,464 10,816 11,687 12,433 12,441 
EE a ee 1,564 1,650 1,907 2,048 2,266 2,435 2,485 2,532 2,730 2,790 2,973 
National Science Foundation....... 352 391 439 477 593 661 632 639 732 786 797 
National institutes of Health ........ 65 58 72 52 67 65 54 68 58 77 70 
Health & Human Services'......... 8 6 17 y 17 5 7 1 13 10 16 
Department of Defense ........... 393 382 540 633 770 819 840 751 738 730 800 
Ee a 746 813 839 877 819 885 952 1,073 1,189 1,187 1,290 
SEES A ae 4,053 4,399 4,740 5,187 5,388 5,319 5,396 5,642 5,973 6,018 5,857 
ind cet eeh eee ke oe.e-e 2,713 2,649 2,228 2,554 2,576 2,672 2,583 2,642 2,984 3,625 3,611 
industrial engineering............. 3,286 3,391 3,455 3,805 4,155 4,294 4,664 4,779 5,607 6,088 5,882 
ES ea 422 407 390 374 469 561 590 620 714 657 655 
National Science Foundation....... 40 55 40 78 97 115 126 129 188 165 173 
National institutes of Health ........ 31 25 30 14 23 22 25 27 16 22 36 
Health & Human Services'......... 19 24 15 31 21 17 34 33 36 31 42 
Department of Defense ........... 144 133 187 148 213 254 289 310 292 276 258 
ee 188 170 118 103 115 123 116 121 182 163 146 
IS Seay aa ee 1,373 1,511 1,621 1,754 1,932 1,959 2,163 2,257 2,354 2,446 2,459 
otk ee ae eee ss Oh oO e 1,491 1,473 1,444 1,677 1,754 1,774 1,911 1,902 2,539 2,985 2,768 
Other engineering................ 13,352 13,331 13,471 14,715 15,143 15,335 15,568 16,157 16,785 16,639 16,683 
ee De ne 4,332 4,104 3,978 4,392 4,401 4,560 4,807 4,962 5,331 5,382 5,383 
National Science Foundation ....... 676 675 672 772 790 789 887 874 937 1,035 1,030 
National institutes of Health ........ 250 241 232 241 291 287 391 381 415 434 452 
Health & Human Services'......... 23 21 8 12 32 20 22 37 20 28 25 
Department of Defense ........... 1,509 1,421 1,403 1,568 1,593 1,730 1,621 1,684 1,801 1,785 1,856 
ER 1,874 1,746 1,663 1,799 1,695 1,734 1,886 1°36 2,158 2,100 2,020 
0 5,684 5,868 6,450 6,952 7,444 7,626 7,719 8.003 8,242 7,918 7,757 
ee 3,336 3,359 3,043 3,371 3,298 3,149 3,042 3,192 3,212 3,339 3,543 


‘Excludes National institutes of Health. 


SOURCE: Science Resources Studies Division, National Science Foundation, Selected Data on Graduate Students and Postdoctorates in Science and Engineering: Fali 1993, NSF 95-316 (Arlington, VA: NSF, 1995). 


See figure 2-24. 
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84 ¢ Appendix A. Appendix Tables 


Appendix table 2-41. 

Foreign students enrolled in all U.S. institutions of higher education, by primary source of support: 1986-91 

Primary source of support 1986 1987 1988 1989 1990 1991 

Number 

eee 343,777 349,609 356,187 366,354 386,851 407,529 
Personal and family......... 230,640 224,950 228,030 229,430 246,250 262,040 
U.S. college or university ..... 42,800 52,880 60,420 64,410 70,310 76,450 
Home government/university .. 38,310 35,030 30,720 28,360 25,910 23,570 
U.S. private sponsor......... 7,590 9,340 9,840 11,140 11,750 14,060 
Current employment ........ 6,980 5,500 5,380 7,300 8,260 9,510 
Foreign private sponsor... .. 7,870 9,980 8,620 8,500 8,550 9,190 
U.S. Government........... 6,870 8,650 7,570 8,660 8,700 7,860 
SS iid ns 0:40 6-0heee.% 2,717 3,279 5,607 8 554 7,121 4,849 

Percent distribution 

a tne tins emcee 100.0 100.0 100.0 100.0 100.0 100.0 
Personal andfamily......... 67.1 64.3 64.0 62.6 63.7 64.3 
U.S. college or university ..... 12.4 15.1 17.0 17.6 18.2 18.8 
Home government/university . . 11.1 10.0 8.6 7.7 6.7 5.8 
U.S. private sponsor......... 2.2 2.7 2.8 3.0 3.0 3.5 
Current employment ........ 2.0 1.6 1.5 2.0 2.1 2.3 
Foreign private sponsor. ..... 2.3 2.9 2.4 2.3 2.2 2.3 
U.S.Government........... 2.0 2.5 2.1 2.4 2.2 1.9 
I i at te it es tn il 0.8 0.9 1.6 2.3 1.8 1.2 


SOURCE: Institute of International Education, Open Doors, 1992-93. Report on international Education Exchange (New York: 1993). 
See figure 2-26. Science & Engineering Indicators - 1996 
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Appendix table 2-42. © 

Primary source of support while in graduate school for science and engineering doctoral recipients, by citizenship status: 1991 z 

® 

Qo 

Citizenship Permanent Temporary Citizenship Permanent Temporary 3 

Primary source of support Total known U.S. citizens visas visas Total known U.S. citizens visas visas > 

: Number Percent distribution $ 

Science and engineering.............. 23,748 22,427 13,923 1,252 7,252 NA NA NA NA NA ry 

a 

Total with primary source reported ........ 18,687 18,652 12,001 955 5,696 100.0 100.0 100.0 100.0 100.0 S 

S 

Federal fellowships and traineeships... 985 985 955 16 14 5.3 5.3 8.0 17 0.2 . 

Other Federal support................. 739 738 S75 18 145 4.0 40 48 1.9 2.5 : 
I ne ne cecekiea tees 11,209 11,188 6,204 646 4,338 60.0 60.0 51.7 67.6 76.2 
Research assistantships............... 6,585 6,571 3,482 391 2,698 35.2 35.2 29.0 40.9 47.4 
Teaching assistantships............... 3,478 3,473 1,935 200 1,338 18.6 18.6 16.1 20.9 23.5 
University fellowships................. 893 891 595 42 254 48 48 5.0 44 4.5 
Other university funding............... 253 253 192 13 48 1.4 1.4 1.6 1.4 0.8 
EE ee ee 439 439 408 13 18 2.3 2.4 3.4 1.4 0.3 
a ack ae od dak twee owe 2,243 2,240 1,960 116 164 12.0 12.0 16.3 12.1 2.9 
Se 1,244 1,244 1,157 49 38 6.7 6.7 9.6 5.1 0.7 
Family contributions................... 591 588 286 42 260 3.2 3.2 2.4 44 46 
Bupivmeaserpiayer .. eee 286 286 218 16 52 1.5 1.5 1.8 1.7 0.9 
FEES PERE RE RN Ge apr eT ee eo 951 944 238 39 667 5.1 5.1 2.0 4.1 11.7 
Unknown primary source ............... 5,061 3,775 1,922 297 1,556 27.1 20.2 16.0 31.1 27.3 


NA = not applicable 
SOURCE: Science Resources Studies Division, National Science Foundation, Foreign Participants in U.S. Academic Science and Engineering: 1991, NSF 93-302 (Washington, DC: NSF, 1993). 
See figure 2-27. 
Science & Engineering indicators — 1996 
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Appendix table 3-1. = 
Number, employment status, and median income of 1991 and 1992 bachelor's and master's degree recipients, by field of degree: 1993 


Employed Employed Not employed Median salary 
Graduates Full-time in science in other or full-time for full-time 
Degree and field 1991 and 1992 students or engineering occupations Student employed’ 
—— In thousands —— ——~ Percentage distribution of employment status: April 1993 ~~ ——— Dollars — 
Bachelor's degree recipients 
Sciences and engineering.......................--. 639.4 22 22 50 6 24,000 
el as cng nnseceeeseees 521.1 24 13 57 6 22,100 
Computer and mathematical sciences ................ 77.6 11 32 51 5 28,500 
Life and related sciences ......................... 99.7 38 14 43 6 21,000 
Physical and related sciences...................... 33.8 39 28 29 o 26,000 
Social and related sciences....................-0.. 310.0 21 6 66 6 21,000 | 
EN 118.4 15 60 20 5 33,800 | 
Aerospace and related engineering .................. 7.3 23 35 37 6 29,000 
Chemical engineering....................0022005- 6.7 16 70 10 + 40,000 
Civil and architectural engineering................... 15.6 12 69 15 4 31,000 
Electrical, electronics, computer, 
and communications engineering................... 41.8 16 59 18 7 35,000 
ns ccccesoeeeeneseseeeseesees 7.7 7 59 30 3 33,000 
Mechanical engineering ....................00005. 25.1 13 65 19 3 35,000 
Ec chads céengedeesecacesseenteee 14.1 17 53 25 5 33,000 
Master's degree recipients 
Sciences and engineering...............2.06222005. 115.6 23 48 24 5 38,100 
a. 08 ons 0 0nd 0eeeesedies 74.6 26 37 31 5 33,800 
Computer and mathematical sciences ................ 24.1 16 48 31 5 40,000 
Life and related.sciences ...................02205.. 13.2 28 35 31 6 29,000 
Physical and related sciences...................... 10.6 38 46 13 a 34,000 
Social and related sciences....................55.. 26.7 31 24 39 6 28,000 
Dist cceks vecteeeteeeccceserceecesees 41.0 17 68 11 a 42,900 
Aerospace and related engineering.................. 1.9 26 56 16 3 40,000 
Chemical engineering... 0.0... ccc ccc cece eees 1.7 33 56 7 6 44,000 
Civil and architectural engineering................... 4.9 15 74 7 5 38,800 
Electrical, electronics, computer, 
and communications engineering...............665. 15.7 15 71 10 4 44,000 
a 6c rt eeececescegeccesecees 2.6 13 63 20 4 42,500 
Mechanical engineering .......... 0.2... 000 c eee 6.4 17 72 6 4 42,000 
TE ++ 54666646640406400606600600046 7.9 18 61 18 3 43,000 
‘Salary for self-employed and full-time graduate students not included in data presented in table. 
SOURCE: Science Resources Studies Division, National Science Foundation, National Survey of Recent College Graduates, 1993, unpublished tabulations. 
See figure 3-1. Science & Engineering indicators — 1996 


Appendix table 3-2. 


U.S. citizen postdocs and Ph.D. degrees, by selected field and year: 1981-93 


U.S.citizen postdocs U.S. citizen Ph.D. degrees 
Year Total S&E Life sciences Physical sciences Total S&E Life sciences Physical sciences 
DMN h< sdk dbueekbamdadeeéds 066 06+ 008600800% 8,730 5,420 2,090 13,540 3,890 1,960 
ee tae ee abe eennekb 6bkss thse te 8,610 5,450 1,890 13,290 3,960 1,990 
0 ee ee Sree 8,420 5,980 2,060 13,400 3,860 2,060 
rr 9,620 6,140 1,970 13,250 3,910 2,070 
e+ <ip tebe dee eek aoned ee bbb oan oe 1404 5ebn 9,700 6,130 2,010 12,950 3,830 2,040 
i. oped ed wicads a6 bs eds s $08 b 0554 4b4 66 4Obs 10,090 6,340 2,200 12,870 8,700 2,010 
Rr re er 10,300 6,520 2,170 12,820 3,570 2,080 
tot bpd beads hea bese 18d 66466466 404490868844 10,420 6,420 2,250 13,220 3,670 2,100 
an chs behead enn ee)bneebe e448 6ese keer 10,650 6,640 2,260 13,310 3,720 1,970 
i 2s soe 66e £6 StOCbROKR OED bd 6 ROOCCREOOCRI 10,640 6,730 2,200 14,030 3,820 2,150 
tthe bebe Ons hasan edenees (44004040000 00602 10,770 6,760 2,190 14,440 3,870 2,110 
ie AnKé inne babiadeds deeds saves ¢$bebaebeher 11,150 7,070 2,230 14,380 3,840 2,140 
Ee a a ee TT ee an 11,620 7,250 2,240 14,710 3,900 2,080 


SOURCE: National Science Foundation, 1993 Survey of Graduate Students and Postdoctorates in Science and Engineering, unpublished tabulations. 


See figure 3-2. 
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Appendix table 3-3. 
Proportion of new Ph.D.s with definite postdoc pians, by 
selected field and year: 1970-93 

Physical Life 
Year AllS&E sciences sciences 
ST sxucennhaennees 20.1 32.1 39.9 
1971.00... eee. 20.9 36.6 40.8 
1972 ....... 2000... 22.3 43.1 43.5 
1973 ..........000.. 22.5 447 42.6 
tt coseseeewe? 21.5 40.0 43.3 
1975 ............. 24.4 43.8 49.6 
1976 ........ 0.00 0.. 27.2 47.9 53.0 
PT ccceceadduadads 27.4 44.0 55.3 
1978 ............... 30.0 443 56.7 
nT 050966200080 004 29.2 40.9 57.6 
th Accu egandaane st 30.1 39.3 59.8 
ST +neee seeessade 29.6 34.7 59.4 
ih s2¢00c080een had 30.4 35.9 59.8 
PT cecceennseatans 31.9 38.7 61.7 
eS c5eseenaesenns 33.2 43.3 63.0 
Pn ¢acsodndwed ox 32.7 39.6 61.2 
i .eséeuesehbenes 33.5 40.8 64.0 
i ssececessaeabes 35.2 46.3 65.6 
1988 35.7 49.8 66.5 
ns scenendeavavdes 33.7 45.3 63.6 
 cccecetsuacandess 34.0 45.0 66.5 
 seceetesens - 36.3 48.5 68.0 
EE cosceeeseuannese 37.1 51.6 68.3 
rer 39.4 53.0 70.0 


SOURCE: National Science Foundation, 1993 Survey of Earned Doctorates. 
unpublished tabulations 
See figure 3-3. Science & Engineering indicators — 1996 


Appendix table 3-4. 
Proportion of Ph.D. recipients in postdoc positions, by 
years since Ph.D. and selected fields: 1993 


Year Life Physical 
since degree sciences sciences 

1 46.2 494 

2 41.0 29.0 

3 34.2 17.6 

4 19.5 12.6 

5 13.7 7.7 

6 9.1 6.7 

7 5.9 3.2 

8 48 2.6 


Foundation, Characteristics of Doctoral Scientists and Engineers in the 
United States: 1993, (Arlington, VA: NSF. forthcoming) 


See figure 3-4 Science & Engineering indicators - 1996 
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Appendix table 3-5. 
Number of individuals holding degrees in science and engineering: 1993 
Master's or 
Any Bachelor's professional 
Field degree’ degree Gegree 
Any science or engineering field................ 10,389,000 9,151,000 2,163,000 
Computer/math sciences................. 1,173,000 1,011,000 316,000 
. » 66.08 4:6.0060664600006006006008 2,450,000 2,322,000 573,000 
ER anced ceetnieseeorersereveuast 1,926,000 1,676,000 316,000 
Physical sciences............... 1,034,000 967,000 232,000 
Social sciences 4,245,000 3,795,000 845,000 
NOTE: Excludes degrees earned after Aprii 1990 or individuals older than 75 
‘Includes individuals with multiple degrees. 
SOURCE: National Science Foundation, 1993 National Survey of College Graduates, unpublished tabulations. 
See figure 3-5 Science & Engineering indicators - 1996 
Appendix tabie 3-6. 
individuals whose highest degrees are in science and engineering: 1993 
Master's’ or 
professional 
Field Bacheior's' degree Doctorate* 
AllS&Edegrees.......-.............. sessenebs 5,465,800 1,647,800 513,500 
Computer/math sciences........... iekuceset 653,600 255,700 29,700 
Engineering........... jhe edeercvecescsees 1,516,700 443,800 101,000 
DE ccheseeeeonenes 819,700 195,100 139,500 
Physical sciences... .. 2... ene 411,400 132,500 112,200 
FP eee er 2,064,400 620,700 150,500 


‘Excludes individuals with no bachelor's degree as of April 1993 
?inciudes US. educated Ph.D.s only 


SOURCE: National Science Foundation, 1993 Nationa/ Survey of College Graduates and 1993 Survey of Doctorai 
See figure 3-6 Science & Engineering indicators 
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Appendix table 3-7. g 


Age distribution of scientists and engineers, by level and broad field of degree: 1993 . 
Field <30 31-35 3-40 41-45 46-50 51-55 56-60 61-65 66-70 71-75 
Bachelor's 

Computer/math sciences...................... 2.35 2.55 1.99 1.64 1.36 0.73 0.43 0.30 0.30 0.18 

+ Di oe steeceeerenseseneeessveess 3.07 470 3.80 3.07 2.77 2.01 2.14 2.07 2.39 1.73 
Life sciences paoeecensace au eeneeeens 1.66 2.35 3.43 2.59 1.59 0.98 0.58 0.66 0.65 0.51 
Physical sciences 9deeus ‘4eeceéeeueeeuns 0.64 1.04 1.09 1.05 0.70 0.72 0.58 0.54 0.66 0.50 
Social sciences... cee 4.76 5.46 6.31 7.50 5.04 2.56 1.85 1.64 1.62 104 

Master s/professional degree 
Computer/math sciences.................... ee 1.48 2.57 2.65 2.76 2.54 1.52 0.93 0.48 0.42 0.18 
Engineering wrTTe SOb66nteReoneee wes 2.76 4.56 4.39 3.86 3.38 2.54 2.07 1.19 1.26 0.91 
Life sciences ........ vidsttecéaunwee ous 0.97 1.51 1.96 2.20 1.91 1.27 0.71 0.45 0.52 0.34 
Physical sciences... . vGenabaces 0.60 1.09 1.18 1.27 0.99 0.99 0.43 0.63 046 0.39 
Social sciences. snedenat ehenepeenes 2.41 3.81 5.79 7.24 6.99 3.82 2.53 2.17 1.77 1.10 
Doctorate 
Computer/math sciences poco tee 0.34 0.69 0.57 0.94 1.08 0.85 0.37 0.3% 0.16 0.18 
Engineering 0.61 1.50 1.70 1.55 1.73 1.93 1.81 0.67 0.52 0.31 
Life sciences 7TT 2.00 4.11 6.03 6.08 5.10 444 2.86 2.62 2.57 2.46 
Physical sciences 0.55 1 66 2.37 2.66 2.54 2.64 1.72 1.59 0.90 0.89 
Social scrences - ee 0.40 1.59 3.07 5.02 5.80 3.65 2.13 2.21 1.44 1.05 
SOURCE Scrence Resources Studies Division, National Science Foundation, 1993 National Survey of College Graduates, unpublished tabulations 
See figures 3-7, 3-6, and 3-9 | Science & Engineering indicators - 1996 
Appendix table 3-8. 
Ph.D. median salary, by years since degree: 1993 
Computer/math Life Physical Social 
Ph.D. year scrences Engineering sciences sciences sciences Humanities 
Doliars 
1988-92 ' phe eoneataes ; 48,000 54 800 36.000 45,000 40,000 32,500 
1983-87 sebeunuecate jeauacet 51,000 64,700 49,500 57,400 47,000 37,000 
1978-62... iptradtwectcourex ,eues 58.500 73,000 59,900 68,000 53,000 43,000 
1973-77. ; ime ote -eeeensan<s 61,000 78,000 62,900 71,000 59,000 48 000 > 
1968-72 ve@oneesewns 6660060406860 00K 65,000 81,600 66,700 72,000 61,000 52,000 
1963-67 ia ll nail ce ee is 06 b niin 2 bible ead 63,000 86,600 72,000 75,000 62,600 58,000 
SOURCE National Science Foundation, 1993 Survey of Doctorate Recipients. unpublished tabulations 
Science & Engineering indicators - 1996 : 
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Appendix table 3-9. 
Total and scientist/engineer employment, by nongovernment sector: 1990 and 1993 
(page 1 of 3) 
Sector 1990 1993 
we Te 
Total 
Rs oot ete ees nbd heeesaheneneteeeeends 102,048 102,760 
EL 0.6 6 6.00 0.068 eebGh 5 9400480994400050 1,962 2,010 
ns oan ene cnn eh eee She Veaseneeeees 1,224 1,113 
Ee ee 63 52 
Metallurgical, ceramic, materials....................-00005. 17 16 
Mining, including mine safety .................0.. 0000 uee 3 2 
i dno neat ne eee tenee ben eeiaewee 15 12 
a a ae En ey a a 44 48 
i is ont wan ehh hein heseneseebanseesee 4 106 95 
sai ee ee ed eee hhed nee ee 378 320 
ee ee ee ee et ee hee eva es 129 109 
i a i i eee eee ce ke Cen been bak 213 204 
Tete oi aa es oe ee eee heehee deeehs cee ets 256 255 
EEE eee ET ee ee 738 897 
ee oe oe a neue cece esntnsiniteaneess 149 143 
ee die is on eee ehind thet Sheed bo8 88 87 
Computer and mathematical related ........................ 405 564 
ee ic a a Ri tk che be ht Ok kbd ee ae hth ake 96 103 
Manufacturing 
hd ec ke ten shane eee eeee hehe uke 19,076 17,802 
in 6+ ks sche hh bhebeee eee bead sees se 929 875 
EE ee er 692 612 
oi one dw sg 66 6406-90 06050 N%-0.0008 51 os 
Metallurgical, cerarnic, materials..................0 cece eens 13 10 
DCC CS Cee ee eked che Ce hve stoke hokhhe eb Renee bates 32 34 
eet eed ann ees oh CRORE ORR KORRES 9 7 
Er ee ae ere yy rea 196 160 
CN Gk ies Cees ee ieee eRe aed hae eee 102 86 
Cece e thee shad ehh de ee es ee kehewnek ees een 141 132 
Ee ee ee ee ee eT ee ee 148 149 
tice hes ede ee ss eakd cebees bas eeheenbee decane 237 263 
EOC TTC TEST TEE VC TUTTE TET TCT TTT TTC TTT 62 58 
FRETS TTC ETOP TTT TCCUTTUTE TT TUTTI CTT Ire 23 27 
Computer and mathematical related ................0000045. 152 178 
Nonmanufacturing 
ee ee ee ee ee ee ee 81,254 83,271 
ED 66.0.6 6.656. 6866 460000000 O EE 4 OCT Oe ee 1,030 1,136 
ES ST eee eee ee eee TT ee Te rT eT TTT eT 529 496 
ED + «nye 6.66 666066400088 OO 0 ORO Oe oe 9 16 
FMC OPETS CT ET CETTE TT eT ee eT CUT TE TTT 3 11 
OES OT TCT eT eee ree ere Te eee TP eT eee Tee ee eT 94 84 
TTT TTT eT ETT TT ETT PECL TET 178 155 
EST See eee ee eT ee eee, Te eee ee eee 22 19 
ee ee ee ee ee eee ee 68 68 
EES eee ee eee eee Pa See ee ee 149 143 
CC eee ee eee ee Te ee ee ee ere eS eee 501 634 
_ FS ereT CTE eT TORT TTT TURT TREE TILTE Cer Te 87 85 
TT Tee ET CT Te ETT UPEPET TT TETLOLTERT LITE 65 60 
Computer and mathematical related ...... 2... 0... eee 253 386 
rer ee eer eT ee eee ee eee ee ee eee ee 96 103 


(continued) 
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Appendix table 3-9. 
Total and scientist/engineer employment, by nongovernment sector: 1990 and 1993 
(page 2 of 3) 
Sector 1990 1993 
Ee 709 598 
PTE TTT TT OTT TET TET ETT TTT as 37 
a ln 6 so 00.009 8O4-s 0404.099-004804400 25 20 
Mining, including mine safety ...................60..502245.. 2 2 
Ts i neti te ike eee neo 0 ee 4 a6 8 *4-004.0440.00800469 13 10 
PN eee bea ns oe oe oe ETT Tere Tere Cee Tee 1 1 
ES 1 1 
ee is ce ceu teens 94neshsnsetsetenseeees 1 1 
eS ie ie ee ed oo eee ieee daesebenbnd ee ee 7 5 
EG ote a ke as il ees abhdhes6s4bcebeetus 19 17 
a ti a in i ee ecu ned nee hewe 4.1 16 14 
Computer and mathematical related ........................ 3 3 
Construction, alloccupations............................. 5,119 4,574 
es a a ne oo a6 Oke 8a OST REE RAS OEE 24 25 
EEE oe eee 23 24 
a, oe eh e weeks he Aa eauee aes 8 10 
ies ie anaes ba twalen b wkid oe 4:40 4 5 
i i hie eae ee ee a ee i as ke hee ae tebe ad £0'k 1 1 
EER RISE EP eee a ee ra 4 2 
IS, 6 OO eh aie ei ek aes oe teK eset Ree ede 6 6 
EERE DES ESE ay ey pe a ay ee ee 1 1 
Computer and mathematical related ........................ 1 1 
Commftrans/utilities, alloccupations........................ 5,792 5,708 
io os shed wa oid a aie 6b 0b eee kee ew oes 112 103 
IE er a ae eee ee eee 83 73 
SS es eee ee ee a eee ne ere 1 1 
ee thee ee ek ieee hh ehh kes CEOS HES 4 7 5 
EE ee ee ee Serre re eee 40 33 
Ct ch Cie ttd bb Sb sé 6a bb BM wh 6066 + bees eeeesetabese 8 a 
EEE SE TT Cre eee eee PT ee Te Mere re 5 4 
hs Cine 545 644.5450 000 6OS AOA 04 1O4 COs CED 22 26 
EPMO ET Pe Serre ee ree ee Te Teer Per eT 29 30 
EEE er ere ee ere ee ee Pe ee ee ee eee 2 3 
POST eT eee Te ee OTE RECEP EC ECCTTTTSEreeT 26 26 
Computer and mathematical related ..................00044.5. 1 1 
EE ee ee er err Te ree ee Pere 2 1 
(continued) 
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Appendix table 3-9. 
Total and scientisvengineer employment, by nongovernment sector: 1990 and 1993 
(page 3 of 3) 
Sector 1990 1993 
——— Thousands 
Trade, alioccupations.......... 2... ees 25,774 25,857 
All scientists and engineers ..... 2.2.2. eee eee 60 85 
EE 34 56 
ElectricalV/electronic .... 2... 22 eee eee 18 35 
ee 1 2 
es lk he ee dcned eheebeeb enn sséanens tas s 5 7 
ee a a ie ont dk ha he Bike emee and) $644 iad 10 12 
a 6 bs ks a S06 rh 60a HOO OSS Os KAS wR STA 26 29 
Gf tied dies phic ab oad deb 0d oo daa 09.44 0600084498 2 2 
EE eee ee ee ae a ee 1 1 
Computer and mathematical related ........................ 23 26 
Financial services, alloccupations ......................... 6,708 6,603 
All scientists and engineers .............. 2.20. cc eee eee ee eee 76 92 
ee wks Cod eee aes ON OOH es Hees 184% 14 11 
a tet oc ine ele We ae eet wee as Oe 6. ebmeene st 62 81 
ik a a a a ee gk ie 0 0 
Computer and mathematical related ........................ 62 81 
I ED, icc ttvenvecncerereceucese 37,148 39,929 
ED, 06s 6 5h i wba dens 08 ee bdo 0a-08 banees 713 788 
EE Se ee ee eee ee 349 312 
EE oo on so nen so tke nae bee bee eeneee 9 16 
Metallurgical, ceramic, materials..................02000005. 3 4 
aN a ig a a i ls a at as 8 10 
nd Oh waa b's ctae so 6eh.se 6 0 Lawak Ka eees be kee 78 68 
es. «ce sac thee nc) Rasen weeks ee 115 81 
DG ks oh ek irs ca akds 66k s bute beads fawkes 12 12 
DS. «.. ocak 6.04 6s oc 40 000s akon bees eeekes aba 53 54 
aS os. Vrah-6 s adaea «eset a0 bebe se enawedtetes 71 67 
ES Ges 4 ce cadlintn dd ns bake 6K ess £OdSSs chase 364 476 
eee ey ee ee eT Pee er ers 67 66 
pete ee tien ee Ae EE oe Bee dae. 6 ee ae ele le 64 59 
Computer and mathematical related ..................0..055. 138 249 
ee ee ee ee Te ee ee 95 102 


NOTES: Details may not add to totals because of rounding. Because of revisions in Standard Industrial Classification codes 
in 1987, employment estimates for 1990 and 1993 may not be strictly comparable with estimates for earlier years. 


‘The “other” engineering category includes a number of smalier fields that are combined in the interest of space. 
None of these fields individually accounts for more than about 5 percent of the total engineering jobs. 
includes private and public education. 


SOURCE: U S. Bureau of Labor Statistics (BLS), Departrnent of Labor, The National industry-Occupation Employment 
1983-1993 Time Series. 
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Appendix table 3-10. 

Federal scientists and engineers, by primary work activity: 1989-93 

Primary work activity 1989 1990 1991 1992 1993 

Total, all activities .§.. 6.22 eee 185,623 189,049 194,726 198,853 196,908 
Development... . 2... cee eee eee 28,791 29,190 27,502 30,299 29,529 
er 21,242 21,381 21,768 22,246 21,670 
EE a 15,171 14,781 14,521 14,681 14,209 
Data collection, processing, & analysis...................... 14,236 14,325 14,795 14,951 14,675 
Natural resources operations..................0.02 02 ce ee. 11,488 11,904 12,455 13,235 13,461 
hin Sa dleeddiins poe eeesneseeseee+ ees 8,407 8,625 8,505 8,682 8,488 
installation, operations, & maintenance ..................... 11,480 11,429 11,608 11,623 11,353 
i ete cease che eg 64 nes eheonees sete 9,712 10,095 10,160 10,409 10,495 
aida thls 60 od én e000 064004 644052685 6,374 6,238 6,223 6,271 6,169 
Technicai assistance & consulting.................... 4,118 4,204 4,338 4,526 4,556 
ae Slain in Klin, 6s 6 oo 9.94.96 0600644026448 5,708 5,703 5,836 5,884 5,659 
Regulatory enforcement of licensing....................25.. 4,951 5,332 5,867 6,026 5,910 
EES TE RSET ES a a 5,170 4,940 4,746 4,698 4,682 
Clinical practice, counselling, & ancillary medical service......... 3,430 3,625 3,981 4,201 4,440 
Standards & specifications ................0..200 00 ee eee 1,674 1,692 1,620 1,642 1,506 
Scientific & technical information................0..0 0000055. 1,746 1,905 1,957 2,057 2,146 
Research contract & grant administration.................... 944 1,042 1,047 1,070 1,039 
ee ied dss ak i 6 640040000000 000606. 376 406 442 431 471 
Other, not elsewhere classified ....................0.0005. 8,329 8,867 8,682 8,740 8,244 
EE A ee 22,276 23,365 28,673 27,181 28,206 


SOURCE: Science Resources Studies Division, National Science Foundation, OPM Central Personne! Data File, unpublished tabulations. 
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Appendix table 3-11. 

Federal scientists and engineers, by age and occupational group: 

1989 and 1993 

1989 1993 

Age Scienti Engi Scienti Ena 

SP 89,530 96,093 101,348 95,560 
Under 35 years 22,440 40,421 22,868 36,606 
35-39 years...... 16,886 11,104 17,034 13,406 
40-49 years...... 31,002 22,866 36,772 22,925 
50-54 years...... 0 10,233 13,067 10,334 
55-56 years...... 2,664 3,066 3,409 3,341 
57-59 years...... 3,187 3,665 3,678 3,689 
60-61 years...... 1,395 1,655 1,655 1,879 
62 years & over 2,252 3,083 2,862 3,378 
No report........ 2 - 3 2 

— = not available 


SOURCE: Science Resources Studies Division, National Science Foundation, OPM Central Personne! Data 


File, unpublished tabulations. 
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Appendix table 3-12. 

Federal scientists and engineers, by sex: 1989-93 

Sex 1989 1990 1991 1992 1993 

Ds tun te cbactenteuadde sd ens onset 6sat seeds eeeer 185,623 189,049 194,726 198,853 196,908 
ee cate dark we chen becaesseuanhesecusaewnsss 156,294 157,316 159,939 161,997 159,474 
I i en aa cdeed tne ethsedk oukeevtiernias 29,328 31,733 34,787 36,854 ° 37,431 
I Sd Sa St we ais ek. OS Be ey ea bv tily 1 - - 2 3 

— = not available 


SOURCE: Science Resources Studies Division, National Science Foundation, OPM Central Personne! Data File, unpublished tabulations. 
Science & Engineering Indicators - 1996 


Appendix table 3-13. 
Median average annual base salaries of Federal scientists and engineers, by major occu- 
pation group: 1989 and 1993 


Major occupation group 1989 1993 
—__— Dollars _ 
RSA sete heidt bat Ades AAS E000 0064s 04.6406 08 to OS 00484 41,100 50,100 
a i we eeu e ee eee eEeH ONES s 40,400 48,100 
Computer & mathematical scientists ......................... 42,100 49,900 
a ees cede bae ded bee GAS CEDEREORSE OS YS 35,300 42,600 
i, 6 6k de hee dbee des 04400445090 9400994405 43,800 52,300 
I 6 5 0 go ci ows aded 6600:904000.94444-0000900 41,000 48,000 
ak ies 0 ek p as 64.5.00094 080400 49004440 60% 42,000 52,300 
ss 6 hohe 50 e000 64 00 0-49000 440k 004K 45,200 54,400 
i . fis ceca esheets eek een eee cehhesens 39,800 51,000 
RE i eee ee ee eh ERENCE ERERER RODS. 41,100 49,900 
Electrical, electronics, & computer engineers................... 41,100 52,200 
ee 38,800 48,300 
keen bhi wg keen 640 08k.8 C68 Kee wae FO 38,800 49,200 
ee eee eT ee 45,100 54,300 
SOURCE: Science Resources Studies Division, National Science Foundation, OPM Central Personne! Data File, 
unpublished tabulations 
Science & Engineering indicators — 1996 
Appendix tabie 3-14. 
Percent of 1993 U.S. resident doctorates that are foreign born 
Field U.S. school Foreign schoo! 
Percent 
ETT ET UCIT TESETETLPE TO TTTET CTC TTeIT Te 15.2 7.8 
es + bs. rere ehe ee hueeené6ceebnns ean’ 25.9 7.7 
ACh a.s 5 yea PO 68 66400366680409 0606 00850060992 33.0 7.2 
eee ee See eS ee eee ee eee ree eee 10.6 10.7 
TTY TT TT PLES TT eT ETT rer Te re 15.9 10.0 
ns kee reih 646d eee eS s Ooh Chee eh eetes bdber~n 10.8 2.3 
EE PS Tee eT re eee eT eT eT eee eT ST ee eT ee 11.2 3.4 
SOURCE: Science Resources Studies Division, National Science Foundation, 1993 National Survey of College Graduates, 
unpublished tabulations. 
See figure 3-12. Science & Engineering indicators - 1996 
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Appendix table 3-15. 


Selected characteristics of scientists and engineers admitted to the United States on permanent visas, by year of admission: 1988-93 


(page 1 of 2) 
Sal year Of admission —_ 
Selected characteristics 1988 1989 1990 1991 1992 1993 
REE _ a =hHhlé(< 
Allimmigrant S&Es ..... 2... een 10,918 11,868 12,659 14,111 22,871 23,534 
Age group 
«6 .0:0 4.000 44644960004000000¢1000000% 3,585 3,943 3,909 4,202 6,613 6,576 
i anete. d:6 0c 60.44 66% 0666600600084 0%04S0408 5,847 6,357 6,982 7,810 13,411 13,828 
45 and over... 2. ee eee 1,486 1,568 1,768 2,098 2,845 3,129 
Marital status 
RR 7,911 8,411 9,039 10,470 16,970 17,825 
I. « 0.0 644 6.0405 960450600068 0000000082 3,007 3,457 3,620 3,641 5,901 5,709 
Sex 
ane 6 0da406eees 6005640400 0080 484s ebLEO 9,251 9,992 10,516 11,535 18,305 18,511 
En 06 cbr cee ane ete ebe bh eedsneseauaderaer 1,667 1,876 2,130 2,573 4,555 5,020 
Type of case 
Adjustment-of-status....................020005. 4843 5,498 5,422 6,962 14,875 6,130 
New arrival... ee eee 6,075 6,370 7,237 7,149 7,996 7,404 
Labor certification 
En 6d 0.e 6h 0-06 60040 nO 040408 be bEetes 4,022 4,492 4,057 4,545 7,513 7,380 
EN. 9 nn ns 65904 e6eeeeneorneseesaauteas 6,896 7,376 8,602 9,566 15,358 16,154 
(continued) 
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Appendix table 3-15. 
Selected characteristics of scientists and engineers admitted to the United States on permanent visas, by year of admission: 1988-93 


(page 2 of 2) 
; Fiscal year of admission 
Selected characteristics 1988 1989 1990 1991 1992 1993 
Percent 
Allimmigrant S&Es ........... eee. 100.0 100.0 100.0 100.0 100.0 100.0 
Age group 
Under30................ peeseeeseeucenresa 32.8 33.2 30.9 29.8 28.9 27.9 
30-44... eeeeeeeeee baeeeeeuseeaunsesner 53.6 53.6 55.2 55.3 58.6 58.8 
45 and over... 6 eee 13.6 13.2 14.0 149 12.4 13.3 
Marita! status 
Marned bia i er hee e6 ebecnueadesean 72.5 70.9 714 74.2 74.2 75.7 
ne 27.5 29.1 28.6 25.8 25.8 24.3 
Sex 
Male __. -aeuseeeeosnanéhs eeetuounnveees 84.7 84.2 83.1 81.7 80.0 78.7 
Female _. TT eP Tr rTTTT a -eee 15.3 15.8 16.8 18.2 19.9 21.3 
Type of case 
Adjustment-of-status................ penecenes 444 46.3 428 49.3 65.0 68.5 
New arrival...... wneoebmnnedeceeeecesenna 55.6 53.7 57.2 50.7 35.0 31.5 
Labor certification 
Certified...... sasabeesanesceacesehuebiueneesi 36.8 37.8 32.0 32.2 32.8 31.4 
CC ae 63.2 62.2 68.0 67.8 67.2 68.6 
S&Es = scientists and engineers 
SOURCES: Science Resources Studies Division, National Science Foundation, using unpublished data provided by the US Department of Justice/Immigration and Naturalization Service 
See figure 3-14 Science & Engineering indicators — 1996 


9661 - ssojeoipuj BuveeUiBuzZ P e2UeI9S 


Appendix tabie 3-16. 
Nonacademic scientists and engineers per 10,000 labor force for selected countries, by sex: most current year 


West United United 
France Germany Japan Kingdom’ Canada Sweden States° 
(1992) (1987) (1990) (1990) (1986) (1985) (1992) 
Laborforce.... «een. 22,329,942 26,907,517 61,733,800 24 266,828 11,702,215 4,285,109 117,583,000 


Nonacademic employment of scientists and engineers 


Total scientists andengineers..... __. seeendweor 582,947 671,338 2,345,000 796,283 312,160 223,876 3,502,000 
Male....... seebwesnoceadédacveusanuvee«s 480,043 623,347 2,195,600 696,494 248,610 198,825 2,719,000 
PD « 469666006 d 004 CC ee eRe «0008 ec eens sen 102,904 47,991 149,400 99,781 63,550 25,051 783,000 

Scientists... eee ee 286,375 126,858 654,500 342,334 177,840 63,431 1,749,000 
Cs she uegheedadeaadbecectenacseoeneves 205,335 101,000 551,700 264,877 122,175 45.216 1,114,000 
Female... 6 ee eee 81,040 25,858 102,800 77,454 55,665 18,215 634,000 

Engineers ....... 2... ee eee 296,572 544 480 16,905,000 453,949 134,320 160,445 1,753,000 
hn «56605 6)eee0eeseseseesbenecteewzeezes 274,708 522,347 1,643,300 431,617 126,435 153,609 1,605,000 
Female ee ee ee 21,864 22,133 46,600 22,327 7,885 6,836 149.000 

Employment per 10,000 iabor force 

Total scientists andengineers.................. 261 249 380 328 267 522 298 
DE 6.66 oe beeeoeeg oe ethseeseseceeeasesees 215 232 356 287 212 464 231 
Di scoccecctoadeeeseverenoeseseeevees 46 18 24 41 54 58 67 

Dh -0n endo ddeesnedecenenbectbeeeseben 128 47 106 141 152 148 149 
is 6 656 06460000)00005 beeeeakdeenesesens 92 38 89 109 104 106 95 
Female Prrrrre eneveececenceaes 3 10 17 32 48 43 54 

Engineers re pewbdeeseegsnekss 133 202 274 187 115 374 149 
Male . 7 joes cenecesar ; 123 194 266 178 108 358 136 
Femaie ee ee ee 10 8 8 ss) 7 16 13 


* = fewer than 1 per 10,000 


NOTES Figures refer to screntists and engineers empioyed in science and engineering jobs. Because of rounding, details may not sum to totals The nurnbers of scientists and engineers for France, West Germany, Japan. 
Canada, Sweden, and the United Kingdom are estimates prepared by the Bureau of the Census based on published and unpublished census and survey data for the years shown Census data are available for individual 
countnes al approximately 10-year intervals Labor force data are from the Organisation for Economic Co-operation and Development. and thus the number of screntists and engineers per 10.000 labor force differs from data 
published in Census Bureau reports 


‘Data exclude Northern treiand 
*Data by sex are estimates 
SOURCES: Bureau of Labor Statistics, Occupational Employment Survey. Bureau of the Census. Science Resources Studies Division. National Scence Foundation, and unpublished tabulations 
Sosence & Engineering indicators ~ 1996 
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Appendix table 3-17. 
Nonacademic scientists and engineers in selected countries, by sector of employment: most current year ' 
West United United > 
Canada France Germany Japan Sweden Kingdom’ States z 
Sector (1986) (1992) (1985) (1990) (1985) (1990) (1992) ; 
- —— : - Percent —___—_—_ - - 3 
Scientists = 
Total... .............. oe eeewaseveen 100.0 100.0 100.0 100.0 100.0 100.0 100.0 ; 
PR: 0.490066 460000040204646000000600066 3.4 03 02 02 06 17 08 g 
Mining 44 18 2/ 0.0 03 16 15 ' 
Manufacturing ............ 14.1 19.3 43.0 23.9 25.0 30.9 222 g 
Construction... ... ice cen eeews 05 05 09 04 17 0.7 02 
Wholesale and retail trade . 48 6.0 22 05 10.0 44 3.1 
Transportation, communications 
and public utilities.............. 76 25 29 0.5 5.3 68 40 
Business and professional services _ . 21.3 43.6 39.7 73.7 28.6 25.0 482 
DT <ccendgvecvecouseseeneess NA NA 74 1.6 NA NA 19.6 
i <sv chen edesecsacedqenceees 44.1 25.9 3.7 0.0 28.5 28.9 - 
Engineers 
ee eseeeeneceecens< 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Die cevceeeh peseoeeboreseeceonseees 0.7 0.0 0.1 02 04 0.0 0.1 
Mining. ...... paaeeecteseveceesreseuesseve 6.1 43 2/ 0.1 08 24 17 
Manufacturing ........... -eebenagecaees TT 38 43.2 43.9 30.6 478 486 484 
dnt eins ong eateseseeeenetenes 46 8.1 10.5 21.7 16.9 10.1 2.0 
Wholesale and retail trade..... . . eeeneeee 2.0 55 19 32 5.1 35 42 
Transportation, communications, 
and public utilities............ shbeueeeeus 144 8.1 10.1 42 83 93 5.7 
Business and professional services ............. 26.1 15.8 21.0 37.0 12.2 18.8 22.8 
Government... ... acneededeoveacetee NA NA 12.0 3.1 NA NA 143 
il i a ee ee eK 13.2 15.0 05 0.0 86 72 - 


~ = less than 0.05 percent: NA = not available, but included in “ali other” category 


NOTES Figures refer to scientists and engineers employed in science and engineering jobs Because of rounding. details may not add to 100 percent Figures for France. West Germany Japan, Canada, Sweden. and the 
United Kingdom are estimates prepared by the US Bureau of the Census based on published and unpublished census and survey data for the year shown Census data are available tor individual countnes at approximately 
10-year intervals 


‘Data exclude Northern treiand 
SOURCES Bureau of Labor Stattstics, Occupational Employment Survey. Bureau of the Census. and Science Resources Stucies Division. National Science Foundation. unpublished tabulations 
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Appendix table 3-18. 3 
Scientists anc engineers in manufacturing for selected countries: most current year : 
West United United 
Canada France Germany Japan Sweden Kingdom’ States 
Occupation (1986) (1992) (1985) (1990) (1985) (1990) (1992) 
ee ae ————eeee——O_OO 
Total scientists andengineers.................. 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
ER ic 5.04 odikiaeee ss 6anaeesareaveneueee 39.3 30.2 18.4 25.7 19.1 32.4 21.2 
DG. «so on etnnns 00 sbeentaeeteerabeers 11.3 8.8 10.9 44 5.4 10.0 9.3 
i as needs ibekeéeeenaaes 24.4 20.0 : 21.2 8.4 22.4 11.9 
SUE oes setae ahs oe weg co btaidenaseeamedeae 3.6 1.4 7.4 0.1 5.3 0.0 0.0 
DNL «4:02 ab ctedto en a0deeenseneeneGaeeaea 60.7 69.8 81.6 74.3 80.9 67.6 78.8 
i ee te here deen ee wes 4.1 22 25.9 32.1 22 0.8 0.7 
ElectricaVelectronic......................--0-- 15.0 26.9 13.0 15.4 20.2 16.8 25.3 
Ee 41.6 40.8 428 26.8 58.5 50.0 52.8 


NOTES: Figures refer to scientists and engineers employed in science and engineering jobs. Details may not sum to totals because of rounding. Figures for France, West Germany, Japan, Canada, Sweden, and the United 
Kingdom are estimates prepared by the U.S. Bureau of the Census based on published and unpublished census and survey data for the years shown. Census data are available for individual countries at approximately 10-year 
intervals. 


‘Data exclude Northern Ireland. 
*Systems analysts are included with natural scientists: computer engineers are included with electrical/electronic engineers. 
SOURCES: Bureau of Labor Statistics, Occupational Employment Survey; Bureau of the Census; and Science Resources Studies Division, National Science Foundation, unpublished tabulations. 
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Appendix table 3-19. 
Scientists and engineers engaged in R&D, and per 10,000 labor force population, by country: 1979-93 


United United 
Year States Japan Germany France Kingdom Italy Canada 
er Thousands 
re ere 614.5 291.2 116.9 72.9 NA 46.4 NA 
ada 5 24h 50-0445 0454450044644000464464047 651.1 303.2 120.7 74.9 NA 47.0 NA 
in c.6oGke eee 460 o8e ROR EOE Tse 44s 00458644 683.2 311.0 124.7 85.5 127.0 52.1 40.5 
ha pobadueseeead 64:0 40 V4Es%ES e646 ts50ds 711.8 321.0 NA 90.1 128.0 56.7 44.1 
nce an.eseess 45904604 k 066 4bae eee tanks 751.6 347.4 130.8 92.7 127.0 63.0 45.6 
 CEb ph ackeg s0002 64s 6904 ERS EONS TEENS T* 4 NA 357.4 NA 98.2 129.0 62.0 48.7 
ee eee ee eT rer 801.9 380.3 143.6 102.3 131.0 63.8 52.5 
a regs 0 4-4se400-4606400 066408 09-404040000 NA 393.0 NA 105.0 134.0 67.8 56.0 
MDs <4 0 oa-en eee seeder eedeuubeueuéeenute 877.8 4156 165.6 109.4 134.0 70.6 58.3 
is wean bub eae 6 6 ba b-as 62-48 bseos nee tte NA 434.6 NA 115.2 137.0 748 60.6 
er ere 924.2 457.5 176.4 120.4 133.0 76.1 62.0 
ED at 0 bn Neos be B ENS hdOOD Edd €ORE ERLE YS NA 477.9 NA 123.9 133.0 77.9 65.8 
its a bh ce ee oe ¥ 044604 08 * 14S ESE OOS 960.4 491.1 240.8 129.8 131.0 75.2 65.2 
Sr ee ee eee NA 511.4 NA 137.6 135.0 74.4 NA 
ds eb bi 4s dsc oes oe es 4s 46400 bHR 962.7 526.5 NA NA NA NA NA 
Per 10,000 labor force 
Ph, a «45050045 b0b6 0 2OKS OF 09.6600 0906088006 57.7 51.3 43.4 31.4 NA 20.8 NA 
Cs ha os kG 50d 60 KERNS RECESSES EEWOEVSCES * 60.0 53.1 44.3 32.1 NA 20.8 NA 
ad a o:u ak 502-6 bob Ook Oe kee e eb OOS N eee es 61.9 54.5 44.0 36.3 47.5 22.9 33.8 
ks es cei bh debe eshanne eee eh ead eehes 63.6 55.6 NA 37.9 48.0 24.9 36.8 
PE Neh e.e 66 kOe 1 40S a OS dO eS SAR EES 66.4 59.0 45.7 39.1 47.7 27.3 37.4 
ee ey ee ee ee ee eer ree T NA 60.3 NA 41.1 47.3 26.6 39.3 
Ess a nt-cabo00b006eds hers oretateancsases 68.4 63.9 49.7 42.8 47.3 27.1 41.7 
Ne cn dp hee ok 60 0ke 6.0 Ske he Oe OS ee bR Ee 68 NA 65.3 NA 43.7 48.2 28.4 43.7 
ih in dt id arine.g eh 4 66a bee ee Shae eekSss 72.2 68.8 56.4 45.4 47.9 29.4 446 
es. x be we 6 0:04.46 w a O48 SEES ES ORES NA 70.5 NA 476 48.5 30.9 45.4 
C. CiE Lode oes cededen ds eee ded aneneens 73.6 73.0 59.2 49.6 46.8 31.4 45.6 
As «gn ecb ads Oh eee O48%EO 2 CHRO EES NA 74.9 NA 49.9 46.7 31.8 46.4 
Aer Ocas precio e4 ateentes eeartess 75.7 75.5 61.5 51.8 46.3 30.6 47.1 
th Sa bie ca eR ads + cathe hat ee eteenheeenes 66 NA 77.7 NA 54.8 48.0 31.2 NA 
NN ee ee ee 74.3 79.6 NA NA NA NA NA 


NA = not available 


NOTES: Table includes scientists and engineers (S&Es) engaged in R&D on a full-time equivalent (FTE) basis with the following exceptions: Japanese data include persons primarily employed in R&D in the natural sciences 
and engineering; and the US data are a mix of S&Es engaged in R&D on an FTE basis and counts of S&Es whose primary work activity is R&D. As a result of ongoing improvements in methodology and measurement, there are 
several major breaks in the continuity of the following time series: Japan (between 1974-75), Germany (between 1978-79), France (between 1980-81). the United Kingdom (between 1984-85), and the United States (between 


1984-85) 


SOURCE: Science Resources Studies Division, National Science Foundation, Organisation for Economic Co-operation and Development. 
See figure 3-15 
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Appendix table 4-1. 
Gross Domestic Product and GDP implicit price deflators: 1960-97 


Gross Domestic Product GDP price deflator 
Calendar year Fiscal year Calendar year Fiscal year 

Year — Billions of dollars — 

1960 ............ 513.4 505.9 0.260 0.261 
eee 531.8 516.9 0.263 0.263 
1962 ............ 571.6 554.3 0.269 0.268 
Fee 603.1 585.0 0.272 0.272 
1964............ 648.0 626.5 0.277 0.276 
ee 702.7 671.4 0.284 0.283 
1966 ............ 769.8 738.6 0.294 0.291 
ee 814.3 791.3 0.303 0.301 
1968 ............ 889.3 849.8 0.318 0.312 
1969............ 959.5 925.6 0.334 0.328 
is caceenences 1,010.7 985.6 0.352 0.346 
ee 1,097.2 1,051.6 0.371 0.363 
Aaa 1,207.0 1,145.8 0.388 0.382 
eee 1,349.6 1,278.0 0.413 0.402 
Fee 1,458.6 1,403.3 0.449 0.433 
1,585.9 1,511.0 0.492 0.476 
Ts «56 4040ee ba 1,768.4 1,685.1 0.523 0.512 
eee 1,974.1 1,919.7 0.559 0.554 
ee 2,232.7 2,156.4 0.603 0.596 
Dc cccceeseces 2,488.6 2,431.9 0.656 0.647 
ee 2,708.0 2,644.5 0.717 0.706 
i. ctevetewand 3,030.6 2,964.7 0.789 0.778 
1982............ 3,149.6 3,124.9 0.838 0.836 
a 3,405.0 8,317.0 0.872 0.870 
i. 24005¢04.048 3,777.2 3,696.7 0.910 0.909 
is casseteeat 4,038.7 3,970.9 9.440 0.943 
in «icceeateas 4,268.6 4,219.6 0.969 0.971 
PT cauedecacte 4,539.9 4,453.3 1.000 1.000 
i. 2 sceedabewe 4,900.4 4,810.0 1.039 1.036 
hs 0tddeeeceex 5,250.8 5,170.1 1.085 1.082 
eee 5,546.1 5,481.5 1.133 1.120 
PT s0.64¢0000884 5,724.8 5,676.4 1.176 1.167 
Ts 00004046004 6,020.2 5,921.5 1.209 1.201 
1993....... ... 6,343.3 6,266.1 1.235 1.230 
Seer 6,736.1 6,633.6 1.261 1.254 
es 00.60 04d¢e4 7,116.5 7,024.1 1.297 1.288 
eee 7,506.6 7,407.0 1.335 1.326 
PPPs 7,921.3 7,814.9 1.375 1.365 


NOTES: Data are current as of March 2, 1995. Data are estimated for 1995—97. 


SQURCES: Bureau of Economic Analysis, Survey of Current Business (Washington, DC: Department of 
Commerce, monthly series); and the Office of Management and Budget, unpublished tabulations. 
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Appendix table 4-2. 
Purchasing power parity exchange rates, by selected country: 1981-94 
Purchasing power parities 
Canada France Germany Italy Japan United Kingdom 
mens — Units of foreign currency per U.S. dollar 

eres 1.26 5.62 2.33 881 243 0.52 
eer 1.29 5.93 2.30 973 232 0.53 
1983 ............ 1.30 6.26 2.28 1,077 227 0.53 
Es 60064006405 1.29 6.46 2.24 1,156 223 0.54 
es6664<ee00s 1.28 6.60 2.21 1,217 219 0.55 
1986............ 1.28 6.79 2.22 1,281 218 0.55 
1987 ............. 1.30 6.78 2.20 1,317 211 0.56 
Pee 1.31 6.73 2.15 1,352 204 0.57 
Pn ccéereeseees 1.32 6.68 2.11 1,375 199 0.59 
Pere 1.30 6.61 2.09 1,421 195 0.60 
ere 1.29 6.53 2.10 1,467 192 0.64 
eee 1.28 6.36 2.05 1,445 185 0.61 
ae 1.27 6.57 2.10 1,533 183 0.64 
il aie mea 1.25 6.54 2.16 1,553 186 0.64 


SOURCE: Organisation for Economic Co-operation and Development, Main Science and Technology Indicators database 
(Paris, June 1995). 
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Appendix table 4-3. 


U.S. R&D expenditures, by performing sector and source of funds: 1960-95 


(page 1 of 3) 
[Performing Federal industry U&C Nonprofit 
sector] Govt. Industry FFRDCs Universities and colleges FFRDCs Nonprofit institutions FFRDCs 
[Source Total Federal Federal Federal Federal Nonfed. Non- ‘Federal Federal Non- Federa! 
of funds] US Govt. Total Govt. _ industry Govt. Total Govt. Govt. Industry U&C profits Govt. Total Govt. Industry profits Govt. 
Millions of current dollars 
1960 _....... 13,520 1,723 10,032 5,604 4,428 477 646 405 85 40 64 52 360 259 143 48 68 23 
1961 ........ 14,320 1,878 10353 5,685 4,668 555 763 500 95 40 70 58 410 288 153 49 86 73 
1962 . 15,392 2,096 11,038 6,009 5,029 426 904 613 106 40 79 66 470 348 185 54 109 110 
1963 ........ 17,059 2.279 12216 6,856 5,360 414 1,081 760 118 41 89 73 530 389 215 55 119 150 
1964 ........ 18,854 2838 13,049 7,257 5,792 463 1,275 917 132 40 103 83 629 420 253 55 112 180 
ee 20,044 3,093 13,812 7,367 6,445 373 1,474 1,073 143 41 124 93 629 433 247 62 124 230 
1966 . 21,846 3,220 15.193 7,977 7,216 355 1,715 1,261 156 42 148 108 630 533 325 70 138 200 
1967 ........ 23,146 3,396 15966 7,946 8,020 419 1,921 1,409 164 48 181 119 673 551 332 74 145 220 
1968 . 24605 3,494 17,014 8,145 8,869 415 2,149 1,572 172 55 218 132 719 584 352 81 151 230 
1969 ........ 25,629 3,501 17,844 7,987 9,857 464 2,225 1,600 197 60 223 145 725 630 376 93 161 240 
1970 ........ 26,134 4,079 17,594 7,306 10,288 473 2,335 1,647 219 61 243 165 737 666 399 95 172 250 
aa 26,676 4,228 17829 7.175 10,654 491 2,500 1,724 255 70 274 177 716 702 420 98 184 210 
1972 ........ 28.476 4,589 19,004 7,469 11,535 548 2,630 1,795 269 74 305 187 753 732 433 101 198 220 
1973 . 30,718 4,762 20,704 7,600 13,104 545 2,884 1,985 295 84 318 202 817 826 510 105 211 180 
1974 ........ 32,863 4911 22239 7,572 14,667 648 3,022 2,032 308 95 368 219 865 978 622 115 241 200 
1975 ........ 35.213 5354 23460 7,878 15,582 727 3,409 2,288 332 113 417 259 987 1,056 655 125 276 220 
1976 ........ 39,018 5,769 26,107 8,671 17,436 890 3,729 2,512 364 123 446 285 1,147 1,146 695 135 316 230 
1977 ........ 42,783 6,012 28863 9,523 19,340 962 4,067 2,726 374 139 514 314 1,384 1,235 727 150 358 260 
1978 ........ 48,128 6810 32,222 10,107 22,115 1,082 4.625 3,059 414 170 623 359 1,717 1,352 780 165 407 320 
1979 . 54,939 7,418 37,062 11,354 25,708 1,164 5,366 3,598 472 193 735 368 1,935 1,624 980 180 464 370 
1980 ........ 62,596 7,632 43,228 12,752 30,476 1,277 6,063 4,098 491 236 835 403 2.246 1,700 1,000 200 500 450 
1981 ........ 71,869 8426 50425 14,997 35,428 1,385 6,847 4,571 546 291 1,004 435 2,486 1,750 1,000 225 525 550 
1982 . 80,018 9,141 57,166 17,061 40,105 1,484 7,323 4,768 616 337 1,111 491 2,479 1,925 1,150 250 525 500 
1983 ._.. . 89.143 10,582 63,683 19,095 44,588 1,585 7,881 4,989 626 389 1,302 576 2,737 2,075 1,250 275 550 600 
1984 ....... 101,167 11,572 73,061 21,657 51,404 1,739 8,620 5,430 690 475 1,411 614 3,150 2,425 1,500 325 600 600 
1985 ........ 113,818 12,945 82376 25,333 57,043 1,863 9.686 6,063 752 560 1,617 694 3,523 2.725 1,700 375 650 700 
1986 ........ 119.555 13,535 85932 26,000 59,932 1,891 10927 6,710 915 700 1,869 733 3,895 2,825 1,700 425 700 550 
1987 ........ 125,376 13,413 90,160 28,757 61,403 1,995 12,152 7,342 1,023 790 2,169 828 4,206 2,950 1,700 450 800 500 
1988 ...... . 132,889 14,281 94893 28,221 66,672 2,122 13,462 8,191 1,106 872 2,356 936 4,531 3,100 1,700 500 900 500 
1989 ........ 140,981 15,121 99,860 26359 73,501 2.195 14975 8,988 1,223 995 2,698 1,071 4,730 3,600 2,000 550 1,050 500 
1990 ........ 151,544 16,002 107404 25802 81,602 2.323 16.283 9634 1,324 1,128 3,006 1,192 4,832 4,050 2,250 650 1,150 650 
1991 ........ 160,096 15,238 114,675 24,095 90,580 2.277 17,577 10,230 1,473 1,205 3,362 1,307 5,079 4550 2,600 700 = 1,250 700 
1992 ........ 164,493 15.690 116,757 22,369 94,388 2.353 18,794 11,090 1,491 1291 3,527 1,395 5,249 4,950 2,850 750 =. 11,3590 700 
1993 ........ 165,849 16,556 116,369 20848 95,521 1965 19,911 11,957 1559 1,374 3,552 1,469 5,298 5,000 2,850 750 1,400 750 
ne 666.06 .. 169,100 17,200 117,900 20,500 97,400 1,800 20950 12,600 1,600 1,450 3,750 1,550 5,250 5,200 2,900 800 1,500 800 
1995 ........ 171,000 16,700 119,600 20,300 99,300 1,800 21,600 13,000 1,600 1,500 3,900 1,600 5,300 5.100 2,700 850 1,550 900 
(continued) 
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ix table 4-3. % 
U.S. R&D expenditures, by performing sector and source of funds: 1960-95 
(page 2 of 3) ; 
Be 
[Performing Federal industry usc Nonprofit m 
sector] Govt. industry FFRDCs Universities and colleges FFRDCs Nonprofit institutions FFRDCs ; 
[Source Total Federal Federal Federal Federal Nonfed. Non- Federal Federal Non- Federal . 
of funds} US Govt. Total Govt. Industry Govt. Total Govt Govt. Industry U&C profits Govt Total Govt Industry profits Govt. 3 
- penitent $= Millions of constant 1987 dotlars’ : 
1960 ........ 51,960 6602 38585 21554 17,031 1,835 2475 1552 326 153 «245 «#849199 =6©1,379 996 550 185 262 68 
ME sécceees 54449 7.141 39,365 21,616 17,749 2,110 2,901 1,901 361 152 266 221 1,559 1,095 582 186 327 278 5 
1962 ........ 57.267 7.821 41,033 22338 18695 1584 3373 2287 396 149 295 246 1,754 1,294 688 201 405 409 2 
1963 ........ 62,717 8379 44912 25,206 19,706 1,522 3,974 2,794 434 151 327 268 1,949 1,430 790 202 438 551 3 
1964 ........ 68,127 10,283 47,108 26,199 20,910 1,671 4,620 3322 478 145 373 Wi 2279 1,516 913 199 404 650 
1965 ........ 70,642 10,929 48,634 25.940 22,694 1,313 5,208 3,792 505 145 438 329 2,223 1,525 870 218 437 810 
1966 ........ 74501 11,065 51,677 27,133 24544 1,207 5693 4333 536 144 509 #371 2,165 1,813 1,105 238 469 680 
1967 ........ 76,521 11,282 52,693 26.224 26,469 1,383 6,382 4,681 545 159 601 395 2.236 1818 1,096 oss 479 726 
1968 ........ 77.759 11,199 53,503 25,613 27,890 1,305 6,888 5,038 551 176 699 423 2,304 1836 1,107 255 475 723 
1969 ........ 77.087 10.674 53,425 23.913 29512 1389 6784 4878 601 183 680 442 2210 1,886 1,126 278 482 719 
1970 74,597 11,789 49,983 20,756 29,227 1,344 6.749 4760 633 176 702 477 2,130 1892 1,134 270 489 710 
1971 72,345 11,647 48,057 19,340 28,717 1,323 6,887 4,749 702 193 755 488 1.972 1892 1,132 264 496 566 
1972 ........ 73,714 12,013 48979 19,250 29,729 1,412 6.885 4699 704 194 798 490 £41,971 1,887 1,116 260 510 567 
1973 74,938 11,846 50,131 18402 31,729 1,320 7,174 4.938 734 209 791 502 2,032 2.000 1,235 254 511 43% 
1974 ........ 73,916 11,342 49530 16,664 32,666 1,443 6.979 4,683 711 219 850 506 1,998 2.178 1,385 256 537 445 
1975 ........ 72,237 11.248 47,683 16,012 31.671 1,478 7.162 4807 687 237 8765442074 2.146 1,331 254 561 447 
1976 75,041 11,268 49.918 16579 33338 1,702 7.283 4906 711 240 ~=—s« 871 557 2,240 2.191 1,329 258 604 440 
1977 76,720 10.852 51633 17,036 34,597 1,721 7,341 4921 675 251 928 567 2.498 2.209 1,301 268 640 465 
1978 80.070 11,426 53436 16.761 36675 1,794 7,760 5,133 695 285 1045 602 2,881 2.242 1,294 274 675 531 
1979 84,061 11,465 56,497 17,308 39,189 1,774 8.294 5,561 730 298 1.136 569 2,991 2476 1,494 274 707 564 
1980 87.649 10810 60,290 17,785 42505 1,781 8588 5805 695 334 1,183 571 3,181 2.371 1,395 273 697 628 
1981 91.407 10,830 63,910 19,008 44902 1,755 8.801 5875 702 374 1290 559 3,195 2.218 1,267 285 665 697 
1982 95.541 10.934 68,217 20359 47,8568 1,771 8.760 5703 737 403 1329 587 2,965 2.297 1,372 298 626 597 
1983 102,284 12,163 73,031 21,898 51,133 1,818 9.059 5734 720 447 1497 662 3,146 2.380 1,433 315 631 688 
1984 111,201 12,730 80,287 23,799 56,488 1,911 9,483 5,974 759 523 1,552 675 3,465 2.665 1,648 357 659 659 
1985 120.599 13.727 87,263 26.836 60427 1974 10271 6429 797 594 1.715 73 3,7% 2.887 1,801 397 689 742 
1986 123.319 13.939 88681 26.832 61849 1951 11253 6910 942 721 1,925 755 4,011 2915 1,754 439 722 568 
1987 125.376 13.413 90,160 28,757 61,403 1,995 12,152 7,342 1,023 790 2,169 28 4.206 2.950 1,700 450 800 500 
1988 127.991 13.785 91,331 27,162 64,169 2042 12,994 7,906 1,068 842 2274 83 4,374 2,984 1,636 481 B66 481 
1989 130.025 13.975 92,037 24,294 67,743 2,023 13,840 8307 1,130 920 2494 990 4,372 3,318 1,843 507 968 461 
(continued) 
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U.S. R&D expenditures, by performing sector and source of funds: 1960-95 8 
(page 3 of 3) 7 
[Pertorming Federal Industry uac Nonprofit 
[Source Total Federal Federal Federal Federal Nonfed. Non- Federal Federal Non- Federal 
of funds} US. Govt. Totai Govt. industry Govt Total Govt. Govt. Industry U&sC profits Govt. Total Govt. industry profits Govt. 
Millions of constant 1987 doliars' 
1990 ........ 134,135 14,288 94796 22773 72,023 2,050 14538 8602 1,182 1,007 2684 1064 4314 3,575 1,986 574 1,015 574 
1991 ...... . 136,385 13,057 97,513 20489 77,024 1936 15,062 8.766 1,262 1,033 2,881 1,120 4,352 3,869 2211 595 1,063 595 
1992 ........ 136,276 13,064 96573 18502 78,071 1946 15649 9234 1241 1,075 2937 1,162 4,371 4,094 2,357 620 1,117 579 
1993 ........ 134,428 13,460 94.226 16,881 77,345 1,591 16,188 9.721 1,267 1,117 2,888 1,194 4,307 4048 2,308 607 1,134 607 
1994 ........ 134,292 13,716 93,497 16257 77,240 1427 16,707 10,048 1276 1,156 2990 1,236 4,187 4.124 2,300 634 =—s:«1,190 634 
i ea 132,078 12,966 92213 15.652 76,561 1,388 16.770 10,093 1,242 1,165 3,028 1,242 4,115 3,932 2,062 655 1,195 694 


FFROC = federaily funded research and development center, U&C = universities and colleges 


NOTES: Data are preiiminary for 1994 and estimated for 1995. Histoncai senes are based on annual surveys of R&D performers except for the nonprofit sector, for which data generally are estimated. Tota! funds used by the 
Federal Government are from Federal sources. industry tederaily tunded research and development centers (FF ROCs) are assumed to be 100-percent federally funded. Industry FFRDC data for 1960-63 are Federal obliga- 
tions as reported by funding agencies; data for 1964-95 are expenditures as reported by industry FFROC performers. University and college (U&C) FFROCs are adrminustered by individual universities and by university consortia 
in 1993, U&C FFROCs were 99-percent federally tunded. Nonprofit FFRDCs are assumed to be 100-percent federally funded; these data are Federai obligations as reported by funding agencies and were rounded to two signvfi- 
Cant digits for 1960-79, and the nearest $50 millon for 1980-95. 


‘See appendix table 4-1 for GOP implicit price defiators used to convert current dollars to constant 1967 dollars. 
SOURCES: Science Resources Studies Division, National Science Foundation, Nationa! Patterns of R&0 Resources: 1994, NSF 95-330 (Arlington, VA: NSF. 1995): and 1995 data updates. 
See figures 4-2 and 4 4 
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Appendix table 4-4. 
National expenditures for total R&D, by source of funds and performer: 1970-95 
Source of funds Performer 
Federal Universites Other Federai Universities Uac Other 
Tota! Government industry 4 colleges’ nonprofits Government industry & colleges FFRDCs’ nonprofits 
Milhons of current dollars 
1970..... 26,134 14,891 10,444 462 337 4079 18.067 2.335 737 916 
1971....... 26676 14,964 10,822 529 361 4.228 18.320 2,500 716 912 
1972... 28.476 15,807 11,710 574 385 4,589 19,552 2,630 753 952 
1973 718 16,399 13,293 613 413 4.762 21°49 2.884 817 1,006 
1974 .... 32,863 16,850 14,877 676 460 4.911 22,887 3,022 865 1,178 
1975. _.. 35,213 18,109 15,820 749 535 5,354 24,187 3,409 987 1,276 
1976..... 39,018 19.914 17,694 809 601 5.769 26,997 3,729 1,147 1,376 
1977 .. . $2,783 21,594 19.629 888 672 6.012 29,825 4.067 1.384 1,495 
1978. ..... 48.128 27/75 22.450 1,037 766 6.810 33,304 4625 1,717 1,672 
1979 54,939 2 aid 26.082 1,207 832 7,418 38.226 5 366 1,935 1,994 
1960 .. 62 596 29,455 30,312 1,326 903 7,632 44 505 6.063 2.246 2.150 
1981... 71,869 33,415 35,945 1,549 960 8 426 51,810 6,847 2,486 2,300 
1982 . 80,048 36,583 40.692 1,727 1,016 9.141 58.650 7,323 2.479 2,425 
1983 89.143 40,838 45.252 1,927 1,126 10,582 65,268 7,881 2.737 2,675 
1984 101,167 45 648 52.204 2,101 1.214 11,572 74,800 8.620 3,150 3,025 
1985. ..... 113,618 52,127 57.978 2,369 1,344 12,945 84.239 9.686 3,523 3,425 
1986 _. .. 119,555 54 281 61,057 2.784 1,433 13,535 87,823 10.927 3,895 3,375 
1987 . . 125,376 57,913 62.643 3,192 1,628 13,413 92,155 12,152 4.206 3,450 
1988 _ . _ 132,889 59 546 68.044 3,463 1,836 14,281 97,015 13,462 4,531 3,600 
1989... 140,981 59.893 75.046 3,921 2.121 15,121 102.055 14,975 473 4,100 
1990....... 151,544 61,493 83,380 4,329 2.342 16,002 109,727 16,283 4832 4,700 
1991... 160,096 60,219 92.485 4,835 2,557 15,238 116,952 17,577 5.079 5,250 
1992... .. 164,493 60,301 96.429 5.018 2.745 15,690 119,110 18,794 5.249 5.650 
1993... 165,849 60,224 97.645 5.111 2.869 16,556 118,334 19,911 5.298 5.750 
1994 . 169,100 61,050 99.650 5,350 3,050 17,200 119,700 20,950 5.250 6,000 
1995 171,000 60,700 101,650 5,500 3,150 16,700 121,400 21,600 5.300 6,000 
Millions of constant 1987 dollars’ 

1970 74,597 42.622 29.673 1,335 966 11,789 51,327 6.749 2.130 2,602 
1971 72,345 40,730 29,174 1,457 984 11,647 49 380 6.887 1,972 2.458 
1972 73,714 41,029 30,183 1,503 1,000 12,013 50.392 6.885 1,971 2.454 
1973 74,938 40,208 32,192 1,525 1,013 11,846 51,450 7,174 2,032 2.436 
1974 73,916 38,170 33,141 1,561 1,043 11,342 50.973 6.979 1,998 2.624 
1975. 72,237 37,396 32,162 1,574 1,105 11,248 49.161 7,162 2.074 2.593 
1976 75,041 38 464 33,837 1,580 1,161 11,268 51,620 7,283 2.240 2.631 
1977 76,720 38,793 35,117 1,603 1,207 10,852 53,354 7,341 2.498 2.674 
1978 80,070 39.819 37,234 1,740 1,277 11,426 55.231 7.760 2.881 2.773 
1979 84,061 41,157 39,762 1.866 1.276 11,465 58.271 8.294 2.991 3,040 
1980 87,649 41,385 43,118 1,878 1.268 10,810 62.071 8.588 3,181 2.999 
1981 91,407 42,629 45 563 1,991 1.225 10,830 65,665 8,801 3,195 2.915 
1982 95,541 43,702 48 559 2,066 1.214 10,934 69,988 8,760 2.965 2 894 
1983 102,284 46 881 51,896 2.215 1,293 12,163 74.849 9.059 3,146 3,068 
1984 111,201 50,187 57,368 2,311 1,335 12,730 82,198 9 483 3,465 3.324 
1985 120,599 55,245 61,418 2,512 1,425 13,727 89,236 10,271 3,736 3.628 
1986 123,319 55,966 63,009 2,867 1,477 13,939 90,633 11,253 4,011 3,483 
1987 125.376 57,913 62,643 3,192 1,628 13,413 92,155 12,152 4.206 3,450 
1988 127,991 57,386 65.492 3,343 1,770 13,785 93,373 12,994 4.374 3,465 
1989 130,025 55.275 69.169 3,624 1.958 13,975 94 060 13,840 4.372 3,779 
1990 134,135 54 587 73,604 3,865 2,079 14,28? 96 846 14,538 4314 4.148 
1991 136,385 51,407 78.652 4,143 2.183 13,057 99 449 15,062 4.352 4 464 
1992 136,276 50,053 73.766 4178 2.278 13,064 98.519 15,649 4,371 4673 
1993 134,428 48,876 79,069 4,155 2.328 13,460 95,817 16,188 4,307 4 656 
1994 134,292 48 569 79,031 4 266 2,426 13,716 94 925 16,707 4 *87 4.758 
1995 132,078 46 989 78,381 4,270 2,437 12,966 93,601 16,770 4115 4 626 
FFROC = federally tunded research and development center, USC = universities and colleges 


NOTES Data are preiiminary tor 1994 and estimated for 1995 Data are based on annual reports by performers except for the nonprofit sector. for whch data gener 
ally are estimated Expenditures for FFROCs administered by industry and nonprofit institutions are included in the totais of the respective sector 


‘includes state and iocal government funds to the university and college sector 
*UBC FFROCs are admunistered by individual universities and colleges and by university consortia 
‘See appendix table 4-1 for GDP implicit pnce defiators used to convert current dollars to constant 1987 dollars 


SOURCES Science Resources Studies Division. National Science Foundation. National Patterns of R40 Resources 1994. NSF 95-304 (Aringtion VA NS* 1995) 
and 1995 data updates 


See figures 4-1. 4-2. 4-3, and 4-5 
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Appendix table 4-5. 
National expenditures for bas‘c research, by source of funds and performer: 1970-95 
Source of funds Performer 
Federal Universes Other Federal Universes U&C Other 
Total Government industry’ &colileges® nonprofits Government industry & colleges FFRDCs’ nonprofits 
Milhons of current dollars 
1970 3,531 2,471 528 350 182 559 602 1,796 269 305 
1971 3,652 2.509 547 400 196 566 590 1.914 260 322 
1972 3,801 2.605 563 415 218 597 593 2,022 244 345 
1973 3.945 2.708 605 408 224 608 631 2.053 296 357 
1974 4343 3,017 650 431 245 696 699 2.153 390 405 
1975 4,738 3,270 705 477 286 734 730 2.410 439 425 
1976 5.130 3,589 769 475 297 786 819 2.549 512 464 
1977 5,735 4.021 850 527 337 914 911 2,800 600 510 
1978 6,649 4,702 ee 605 378 1,029 1,035 3,133 867 585 
1979 7,568 5,353 1,092 711 412 1,089 1,158 3,619 1,022 680 
1980 8.435 £.915 1,271 793 456 1,182 1,325 4.036 1,132 760 
1981 9.604 6.628 1,589 907 480 1,302 1,614 4.593 1,270 825 
1982 10,439 7,109 1,833 938 439 1,465 1,904 4.878 1,327 865 
1983 11,645 7,783 2,121 1,171 570 1,690 2.223 5,303 1 484 945 
1984 12,931 8,506 2.565 1254 606 1,861 2.608 5.732 1,690 1,040 
1985 14.210 9,194 2,885 1,447 684 1,923 2,862 6,555 1,765 1,105 
1986 16,613 10,012 4,132 1.733 7% 2.019 4047 7,491 1.876 1,180 
1987 18,023 10,893 4,289 2.002 839 2.046 4,323 8,391 2,033 1,230 
1988 19,028 11,715 4,269 2.113 931 2,050 4,500 8.893 2,245 1,340 
1989 21,248 13,149 4.680 2,356 1,063 2,371 5.216 9.789 2,352 1,520 
1990 22.322 13,807 4738 2.601 1,176 2.366 5.128 10,640 2.428 1,760 
1991 26,399 14.976 7,179 2.947 1,297 2,446 7,837 11,601 2,595 1,920 
1992 26 860 15,314 7,018 3.120 1,406 2,397 7,075 12,504 2.844 2.040 
1993 28,902 16,175 8,121 3,143 1,463 2.605 7,926 13,270 2.941 2,160 
1994 29,170 16,800 7,470 3.350 1,550 2,700 7.200 14,100 3,000 2.170 
1995 29,560 17,050 7,490 3,400 1,620 2.700 7,150 14.500 3,000 2.210 
Mithons of constant 1987 doliars* 

1970 10,161 7,125 1,502 1,012 522 1,616 1,710 5.191 777 866 
1971 10,006 6.892 1,477 1,102 535 1,559 1,590 5.273 716 868 
1972 9,912 6.805 1,453 1,086 567 1,563 1,528 5.293 639 889 
1973 9,748 6,713 1 469 1,015 551 1,512 1528 5,107 73% 864 
1974 9,939 6,934 1,453 995 557 1,607 1,557 4.972 901 902 
1975 9.875 6,842 1,438 1,002 593 1,542 1 484 5,063 922 864 
1976 9,967 6.991 1,473 928 575 1,535 1 566 4.979 1,000 887 
1977 10,329 7,250 1,522 951 606 1,650 1,630 5,054 1,083 912 
1978 11,124 7,878 1,601 1,015 631 1,727 1,716 5.257 1,455 970 
1979 11,658 8.259 1,667 1,099 633 1,683 1,765 5.594 1,580 1,037 
1980 11,902 8.362 1,776 1,123 641 1,674 1848 5.717 1,603 1,060 
1981 12,301 8.505 2,017 1,166 613 1,674 2,046 5.904 1,632 1,046 
1982 12.479 8,501 2,188 1.194 596 1,752 2.272 5.835 1,587 1,032 
1983 13,377 8.943 2,433 1,346 655 1.943 2,549 6.095 1.706 1.084 
1984 14,221 9.356 2,819 1,380 666 2.047 2 866 6,306 1,859 1,143 
1985 15,064 9,748 3,057 1534 725 2,039 3,032 6.951 1,872 1,171 
1986 17,120 10,314 4 263 1,785 759 2.079 4.176 7,715 1,932 1.218 
1987 18,023 10,893 4.289 2,002 839 2.046 4.323 8,391 2,033 1,230 
1988 18,351 11,303 4,110 2,040 898 1.979 4.331 8.584 2,167 1.290 
1989 19,620 12,147 4,315 2,177 981 2,191 4 807 9.047 2.174 1,401 
1990 19,860 12,303 4,189 2.322 1,045 2.113 4526 9.500 2.168 1,553 
1991 22,557 12,814 6,109 2,525 1,108 2,096 6 664 9,941 2.224 1,633 
1992 22,314 12,738 5,809 2,598 1,169 1.996 5,852 10.411 2.368 1,687 
1993 23,464 13,143 6.578 2,555 1,188 2.118 6,418 10,789 2,391 1,749 
1994 23,220 13,387 5,928 2.671 1,233 2,153 5.710 11,244 2.392 1,721 
1995 22,900 13,226 5,780 2,640 1,254 2.096 5.513 11,258 2.329 1,704 


FFROC = federally funded research and development center USC = unversites and colleges 


NOTES Data are preliminary for 1994 and estimated for 1995 Data are based on annual reports by performers except for the nonprofit sector for which data gener. 
ally are estimated Expenditures for FFRDCs adrmmstered by industry and nonprofit institutions are included in the totais of the respective sector 


The imputation procedure for industry funding of industry basic research changed for 1986 and later years These data may not be comparable to data for 1985 and 
e@arher years 


“includes state and iocai government funds to the unrversity and college sector 
‘UBC FFRDCS are administered by individual unrversities and colleges and by urvversity consortia 
“See appendi« table 4-1 for GDP implicit price defiators used to convert current dollars to constant 1987 dollars 


SOURCES Science Resources Studies Division, Nationa! Science Foundation. Nationa! Patterns of 840 Resources 1994 NSF 95-304 (Arington VA NSF 1995) 
and 1995 data updates 


See figures 4-2 and 4-7 
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Appendix table 4-6. 
National expenditures for applied research, by source of funds and performer: 1970-95 


Source of funds Performer 


Federal Universities Other Federal Universities U&C Other 
Total Government industry’ & colleges? nonprofits Government industry &colleges FFRDCs* nonprofits 


Millions of current dollars 


1970....... 5,738 3,097 2,427 re) ] 115 1,345 3,427 427 216 323 
1971....... 5,759 3,028 2.494 115 122 1,322 3,415 474 210 338 
1972....... 6,011 3,131 2,615 140 125 1,387 3,514 524 221 365 
1973... 6.598 :),395 2,891 172 140 1,480 3,825 713 227 353 
1974...... 7.189 3,495 3,332 203 159 1,574 4,288 736 178 413 
1975....... 7,802 3,878 3,517 225 182 1,730 4,570 851 203 448 
1976...._... 8.954 4.442 4,003 282 227 2.093 5.112 1,016 235 498 
197°... 9.570 4611 4.410 303 24 2,044 5,636 1,067 290 533 
1978... _ 10,584 4.969 4.981 354 280 2,191 6,300 1,184 319 590 
1979. 11,976 5.474 5.796 412 295 2,392 7,225 1,310 339 710 
1980 13,610 6,163 6,693 440 314 2,484 8,450 1,530 421 725 
1981 - 16,363 6,954 8,535 534 340 2,732 10,699 1,731 421 780 
1982 -.. 18,151 7,614 9 566 608 363 2.729 12,323 1,858 426 815 
1983... 20,262 8.748 iw) 507 621 386 3,020 13,927 1,988 452 875 
1984 |. 22,388 9.453 11,840 700 425 2,903 15,765 2,254 536 930 
1985 .. 25,327 10,903 13,217 756 451 3,133 18,255 2418 586 935 
1986. . 27,080 10,311 15,437 856 476 3,141 19,760 2,628 561 990 
1987 . _. 27,689 10,639 15,542 967 541 3,392 19,813 2,912 532 1,040 
1988 -.. 29,221 10,514 16,980 1,108 619 3,288 20,748 3,516 529 1,140 
1989 ; 32,277 11,743 18,510 1,291 733 3,611 22,691 4.055 600 1,320 
1990... 34,822 13,571 19,023 1,425 803 3,587 24,785 4.346 624 1,480 
1991 . 38,631 14,160 22,052 1,550 869 4,093 27,446 4.478 924 1,690 
1992 . 38,273 13,802 22,005 1,547 919 4.219 26,695 4.714 935 1,800 
1993 37,361 14.110 20,678 1,610 963 4,755 24,.4;7 5,007 962 1,760 
1994 _ 39,090 14.310 22,120 1,630 1,030 4,900 26,300 5,190 840 1,860 
1995 39,750 14.410 22,580 1,710 1,050 4,900 26,650 5,450 850 1,900 
Millions of constant 1987 doilars* 
1970 16,399 8.888 6,896 286 329 3,887 9.736 1,234 624 918 
1971 15.642 8.270 6,724 317 332 3,642 9,205 1,306 579 911 
1972 15,579 8.148 6.740 366 324 3,631 9,057 1,372 579 941 
1973 16,136 8,364 7,002 428 343 3,682 9 262 1,774 565 855 
1974 16.216 7,964 7,423 469 360 3,635 9,550 1,700 411 920 
1975 16,048 8,049 7,151 ‘73 375 3,634 9.289 1,788 426 911 
1976 17,258 8.613 7,656 551 438 4,088 9.774 1,984 459 952 
1977 17,175 8.296 7,890 547 442 3,690 10,082 1,926 523 953 
1978 17,624 8,302 8,261 594 467 3,676 10,448 1,987 535 978 
1979 18,342 8.417 8,835 637 452 3,697 11,014 2,025 524 1,082 
1980 . 19,078 8.678 9,336 623 441 3,518 11,785 2,167 596 1,011 
1981 20,826 8.887 10.819 686 4204 3,512 13,560 2,225 541 989 
1982 . 21,674 9,098 11,416 727 434 3,264 14,705 2,222 510 973 
1983 23,251 10,044 12,050 714 443 3,471 15,971 2,285 520 1,003 
1984 24,609 10,394 12,978 770 467 3,194 17,324 2,480 590 1,022 
1985 26,836 11,555 14,001 802 478 3,322 19,338 2,566 621 990 
1986 . 27,933 10,630 15,930 882 491 3,235 20,392 2.706 578 1,022 
1987... 27,689 10,639 15,542 967 541 3,392 19,813 2,912 532 1,040 
1988 28,145 10,135 16,343 1,069 597 3,174 19,969 3,394 511 1.097 
1989 29.770 10,839 17,061 1,193 676 3,337 20,913 3,748 555 1,217 
1990 30,822 12,043 16,794 1,272 713 3,203 21,876 3,880 557 1,306 
7 1991 32,912 12,088 18,754 1,328 742 3,507 23,338 3,837 792 1,437 
1992 31,711 11,457 18,203 1,288 762 3,513 22,006 3,925 779 1,489 
1993 30,287 11,452 16,745 1,309 781 3,866 20,143 4,071 782 1,425 
1994 . 31,048 11,385 17,544 1,300 819 3,907 20,856 4,139 670 1,475 
1995 - 30,708 11,156 17,412 1,328 812 3,804 20,547 4,231 660 1,465 


FERDC = federally funded research and development center, U&C = universities and colleges 
NOTES. Data are preliminary for 1994 and estimated for 1995. Data are based on annual reports by performers except for the nonprofit sector, for which data are 
estimated Since 1978, the applied research/development split for the academic sector has been estimated. Expenditures for FFROCs admunistered by industry and 
nonprofit institutions are included in the totals of the respective sector 

The imputation procedure for industry funding of industry applied research changed for 1986 and later years. These data may not be comparable to data for 1985 
and earlier years 

includes state and local government funds to the university and college sector 

‘U&C FFRDCS are administered by individual universities and colleges and by university consortia 

See appendix table 4-1 for GOP implicit price defiators used to convert current dollars to constant 1987 dollars 

SOURCES. Science Resources Studies Division, National Science Foundation, Nationa! Patterns of R&D Resources 1994, NSF 95-304 (Arlington. VA NSF. 1995) 
and 1995 data updates 

See figures 4-2 and 4-7 
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Appendix table 4-7. 


National expenditures for development, by source of funds and performer: 1970-95 


Aapendi A. Spend Veblen 


Source of funds Performer 
Federal! Universities Other Federal Universities U&C Other 
Total Government Industry’ & colleges* Nonprofits Government industry & colleges FFRDCs* Nonprofits 
Millions of current dollars 
1970....... 16,865 9.323 7,489 13 40 2.175 14,038 112 252 288 
1971 ....... 17,265 9 427 7,781 14 43 2,340 14,315 112 246 252 
1972... . 18,664 10,071 8,532 19 42 2,605 15,445 84 288 242 
1973... . 20,175 10,296 9.797 33 49 2.674 16,793 118 294 296 
1974... .... 21,331 10.338 10,895 42 56 2.641 17,900 133 297 360 
1975 ....... 22,673 10,961 11,598 47 67 2,890 18,887 148 345 403 
1976 ..... 24,934 11,883 12,922 52 77 2.890 21,066 164 400 414 
1977 27,478 12.962 14.369 58 89 3,054 23,278 200 494 452 
1978 ....... 30,895 14,204 16,505 78 108 3,590 25.969 308 531 497 
1979 35,395 15,992 19.194 84 125 3,937 29,843 437 574 604 
1980 40,551 17,377 22,948 93 133 3,966 34,730 497 693 665 
7 OR 45,902 19.833 25.821 108 140 4,392 39,497 523 795 695 
1982 51,428 21,860 29.293 121 154 4,947 44 423 587 726 745 
1983 57 236 24,307 32,624 135 170 5 872 49.118 590 801 855 
1984 65,848 27,689 37,829 147 183 6,808 56,427 634 924 1,055 
1985 74,281 32.030 41,876 166 209 7,889 63,122 713 1,172 1,385 
1986 75,862 33,958 41,488 195 221 8.375 64.016 808 1,458 1,205 
1987 79,664 36,381 42.812 223 248 7.975 68,019 849 1,641 1,180 
1988 . 84.640 37,317 46,795 242 286 8.943 71,76 1,053 1,757 1,120 
1989 87 456 35,001 51,856 274 325 9.139 74,18 1,131 1,778 1.260 
1990 94 400 34,115 59.619 303 363 10,049 79,814 1,297 1,780 1,460 
1991 95.066 31,083 63,254 338 oul 8.699 81,669 1,498 1,560 1,640 
1992 99 360 31.185 67,406 351 418 9.074 85,430 1,576 1,470 1,810 
1993 99 586 29,939 68,846 358 443 9.196 85,531 1,634 1,395 1.830 
1994 100,840 29,940 70,060 370 470 9.600 86.200 1,660 1,410 1,970 
1995 101,690 29,240 71,580 390 480 9.100 87,600 1,650 1,450 1,890 
Millions of constant 1987 doilars* 
1970 48 037 26,609 21,276 38 114 6 286 39,881 324 728 818 
1971 46.697 25,568 20.973 39 116 6.446 38,585 309 678 679 
1972 48 224 26,076 21,990 50 109 6.819 39,807 220 754 624 
1973 49 054 25,131 23,722 82 119 6,652 40,661 294 731 717 
1974 47,761 23,272 24,266 97 126 6,099 39,866 307 686 802 
1975 46,314 22.505 23,574 99 137 6,071 38,388 311 725 819 
1976 47 817 22.860 24,708 102 148 5 645 40,279 320 781 792 
1977 49 216 23,247 25,705 105 159 5.513 41,642 361 892 809 
1978 51,322 23,640 27,372 131 180 6,023 43,066 517 891 824 
1979 54.061 24,480 29.259 130 191 6,085 45, 492 675 887 921 
1980 56 669 24,345 32,006 132 186 5.618 48 438 7 982 927 
1981 58.280 25.236 32,727 139 178 5,645 50,060 §72 1,022 881 
1982 61,388 26.103 34,956 145 184 5.917 53,011 702 868 889 
1983 65.657 27 894 37,413 155 195 6,749 56.328 678 S21 981 
1984 72,371 30,437 41,570 162 201 7,490 62,008 697 1,017 1,159 
1985 78,698 33,941 “4,360 176 221 8.366 66,867 756 1,243 1,467 
1986 78.266 35,022 42.815 201 228 8.625 66 064 832 1,502 1,244 
1987 79,664 36,381 2.812 223 248 7,975 68,019 849 1,641 1,180 
1988 81,496 35,948 45,039 234 275 8.632 69,073 1,016 1,696 1,078 
1989 80.635 32,289 47,794 253 300 8.446 68,339 1,045 1,643 1,161 
1990 83,453 30,240 52.621 271 321 8.972 70,445 1,158 1,589 1,289 
1991 80.916 26,505 53.788 290 333 7,454 69.446 1,284 1,337 1,395 
1992 82,250 25,858 55.754 292 346 7,555 70,662 1,312 1,224 1,497 
1993 80.677 24,281 55.746 291 359 7,476 69.256 1,328 1,134 1,482 
1994 80.024 23,797 55.560 295 373 7,656 68 358 1,324 1,124 1,562 
1995 78,470 22,607 55.189 303 371 7,065 67,540 1,281 1,126 1,457 


FFRDC = federally funded research and development center, U&C = universities and colleges 
NOTES. Data are preliminary for 1994 and estimated for 1995 Data are based on annual reports by performers except for the nonprofit sector. for which 
data are estimated Since 1978. the applied research/development split for th» academicsector has been estimated Expenditures for FFROCSs admin- 
stered by widustry and nonproit instdutons are included in the totals of the respective sector 


‘The imputation procedure for industry funding of industry development changed for 1986 and later years These data may not be comparable to data for 


1985 and earlier years 


“Includes state and loca! government funds to the university and college sector 
‘UBC FFRDCS are administered by individual universities and colleges and by university consortia 
“See appendix table 4-1 for GDP implicit pnce defiators used to convert current dollars to constant 1987 doliars 
SOURCES. Science Resources Studies Division. National Scrence Foundation. National Patterns of RAD Resources 1994. NSF 95-304 (Arlington. VA 


NSF. 1995). and 1995 data updates 
See figures 4-2 and 4-7 
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Appendix table 4-8. 


Total expenditures for industrial R&D (financed by company, Federal, and other funds), by industry and size of company: 1980-93 


(page 1 of 2) 
industry and size of company 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
Millions of current dollars 
Total 44 505 51,810 58.650 65,268 74,800 84 239 87,823 92.155 97,015 102,055 109.727 116952 119,110 118,334 
Food, kincred, and 
tobacco products 620 D D D D D D 1,206 D D D 1,277 1,386 1.338 
Textiles and appare! 115 D D D D D D D D D D f) D D 
Lumber, wood products, 
and furniture . 148 161 159 152 143 147 144 137 D 192 216 D D D 
Paper and allied products 495 D 566 D D D D D D 879 1,059 D D D 
Chemicals and allied 
products 4.636 5,625 6,604 7.185 7,927 8.540 8.843 9.635 11,067 12,069 13,291 14,648 15,381 D 
industrial chemicals 2,197 2,802 3,206 3,214 3,240 3,498 3,552 3.716 4,172 4451 5.010 5,390 5.165 D 
Drugs and medicines 1,777 D D D D D 3,658 D 4,906 D D D 7,944 9,147 
Other chemicals 662 D D D D D 1,633 D 1,989 D D D 2.272 D 
Petroleum refining and 
extraction 1,552 D D D D D D 1.897 1,997 2.180 2.306 2,498 2.277 2,117 
Rubber products 656 D D D D D D D D D D D D D 
Stone, clay, and 
glass products 406 D D D D D 950 995 D D D D D D 
Primary metals 728 878 987 1,085 D D D 730 637 686 739 714 522 669 
Ferrous metais and 
products 443 D D D D D D D 253 D D D D 289 
Nonferrous metals and 
products 285 D D D 336 416 458 D 384 D D D D 380 
Fabricated meta! products 550 624 625 701 842 829 895 783 881 904 939 974 1,017 D 
Machinery 5,901 6.818 8.078 9.027 10,504 12.216 D D D D 14,446 14,775 14,938 8.270 
Office, computing, and 
accounting machines 3,962 D D D D D D D D D D D D 4.811 
Other machinery. except 
electrical 1,939 D D D D D 2,396 2,428 2 42 2.729 D D D 3,459 
Eiectrical equipment 9.175 10,329 10.923 12.681 13,778 14,432 14,980 15,848 14,128 13,318 13,400 13,415 13.360 12,686 
Radio and TV 
receiving equipment 556 D D D D D 133 139 149 96 114 D ‘D D 
Communication 
equipment 4.024 4.758 5.839 7,298 8.685 9,397 9 669 10,184 8.427 7,071 5.928 4.787 D D 
Electronic components 1,547 1,573 1.740 2,169 2.831 3,385 D 4.286 4.133 4,025 3,914 D 3,567 5.316 
Other electncal 
equipment 3,048 D D D D D D 1.239 1.419 2.126 3,444 D D D 
(continued) 
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Appendix table 4-6. 
Total expenditures for industrial R&D (financed by company, Federal, and other funds), by industry and size of company: 1980-93 


(page 2 of 2) 
industry and size of company 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
Millions of current dollars 
Transportation equipment... 14,315 D D D D D 31,275 34,246 34,775 33,859 31,361 27 428 27,494 27,501 
Motor vehicles and motor 
vehicles equipment... .. 4,955 4,806 4,797 5,318 6,057 6,984 D D D D D D D D 
Other transportation 
equipment ........... 162 D D D D D D D D D D D D D 
Aircraft and missiles ... .. 9,198 11,968 14,451 15,406 18,858 22,231 21,050 24,458 24,168 22,331 20,635 16,629 17,158 15,615 


Professiona! and 


scientific instruments. . . . . 3,029 3,614 3,930 4,266 4,602 5,013 5,103 5,222 5,530 5,992 7,055 8,705 9,542 10,288 
Scientific and mechanical 
measuring instruments . . 1,352 D D D D D D D 1,959 2,366 3,346 D 5,156 5,901 


Optical, surgical, 
photographic, and other 
instruments ....... 1,677 D D D D D D D 3,571 3,626 3,709 D 4.386 4,387 


Other manufacturing 


industries.......... ; 364 D D D D D D D D D D D D D 
Nonmanufacturing 

industries.......... a 1,815 1,906 2,472 3,337 4.905 6,714 7,446 7,844 10,513 14,031 20,793 28,446 28,933 31,220 
© ewer than 500 employees’ 2,065 2,305 2.934 4,422 4,402 5 866 7,071 7,163 7,279 7,809 8,900 13,172 13,557 15,481 
500 to 999' ............ NA NA NA NA 1,439 1,648 1,902 1,725 1,669 1,825 2,154 8,000 7,958 3,198 
1,000 to4,999.......... 2,701 3,148 3,864 4.178 5,520 6,240 7,472 7,262 7,622 7,881 8.411 10,453 11,886 13,277 
5§.000t0 9,999 .......... 2,028 2,988 2,751 2,798 3,251 4,022 4,251 4,501 5,245 5,756 6,746 8,049 8,258 9,023 
10,000 to 24,999 ........ 6,017 6,762 7,943 9,499 11,351 11,109 10,493 12,043 11,506 10,450 12,486 15,770 15,744 15,105 
25,000 or more...... ... 931,693 36,607 41,156 44,372 48 837 55,354 56.991 59.461 63,694 68,335 71,030 61,508 61,707 62,250 


D = withheld to avoid disclosing operations of individual companies; NA = not available 
NOTES As a result of a new sample design, statistics for 1986-91 have been revised. These statistics now better reflect R&D performance among firms in nonmanufacturing industries and smail firms in all industnes 
‘Until 1984, data represent companies with less than 1.000 employees 
SOURCE: Science Resources Studies Division, National Science Foundation, Research and Development in industry: 1993 (Arlington, VA: NSF, forthcoming) 
See figures 4-6 
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Appendix table 4-9. 
Company and other (except Federal) funds for industrial R&D performance, by industry and size of company: 1980-93 


S 
s 
(page 1 of 2) 2 
Ro 
industry and size of company 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 2 
Millions of current dollars ® 
Total. .......... iawn 30.476 35428 40,105 44 588 51,404 57,043 59.932 61,403 66,672 73,501 81,602 90.580 94.388 95.521 = 
© 
Food, kindred, and tobacco products D 636 777 824 1,081 1,136 1,280 1,204 1,173 1,244 1,248 1,277 1,386 1,338 a 
Textiles and apparel . . peees D 116 136 150 182 218 246 243 215 S 260 236 261 288 & 
Lumber, wood products, and furniture D 161 159 152 143 147 144 137 165 192 216 200 234 248 S 
Paper and allied products _.. D 566 566 552 594 576 538 604 752 879 1,059 1,174 1,182 1,252 
© 
Chemicals and allied products ... . 4,264 5,205 6,197 6,792 7,736 8,310 8.664 9,445 10,828 11,943 13,168 14,439 15,091 16,747 S 
Industrial chemicals........... 1,856 2,393 2,810 2,828 3,057 3,281 3,374 3,531 3,939 4,340 4,902 5,225 4.911 5.274 
Drugs and medicines. . . iv D 2.064 2,473 2,896 3,310 3,481 3,657 4.095 4.900 5.512 5,917 6.947 7,934 9.133 
Other chemicals .... . — 653 747 914 1,068 1,369 1,548 1,633 1,819 1,989 2,091 2,349 2,267 2,246 2,340 
Petroleum refining and extraction . . 1,401 1,780 2,003 2,074 2,245 2,194 1,971 1,883 1,975 2,162 2,289 2.487 2.268 2,103 
Rubber products........... a D 598 617 638 671 659 655 596 718 867 1,056 D 1,256 1,092 
Stone, clay, and glass products . . D 411 472 586 705 825 944 985 697 615 538 455 479 535 
Primary metals............... 594 702 711 701 683 730 786 711 620 666 717 706 514 646 
Ferrous metals and products ._._.. 338 415 426 396 357 323 336 249 252 244 231 225 221 272 
Nonterrous metals and , 
products ee 256 287 285 305 326 407 450 462 368 422 486 481 293 374 
Fabricated metal products....... 501 545 565 634 773 780 800 633 718 726 736 748 723 920 
Machinery ........ sed ae ooh 5,254 6,124 7,227 7,911 9,312 10,721 10,701 10,577 11,929 13,342 13,575 13,720 13,903 8,182 
Office, computing, and 
accounting machines...... D 3,847 4,944 5,634 7,011 8,418 8,380 8,193 9,347 10,725 10,988 10,419 10,614 4.778 
Other machinery, except 
electrical............ D 2.277 2,283 2,277 2,301 2.. 2,321 2,384 2,582 2,618 2.587 3,301 3,289 3,404 
Electrical equipment ........... 5,431 6,409 6,682 8,158 9,037 9.271 9.767 10,449 9.975 9.575 9,267 8,865 9,516 11,285 
Radio and TV receiving 
equipment.......... eee 346 358 364 324 362 350 133 139 149 96 114 D 93 84 
Communication equipment 2,367 2.975 3,555 4,500 5,147 5,174 5,117 5,455 4.798 4,159 3,584 S 3,381 3,129 
Electronic components. 1,165 1,212 1,342 1,810 2,354 2,826 3,357 3,630 3,684 3,655 3,496 3,177 3,320 5.089 
Other electrical equipment 1,553 1,864 1,421 1,524 1,174 921 1,160 1,225 1,345 1,664 2,073 D 2.722 2.983 
Transportation equipment . . 6,958 7,739 8.621 8.991 10,406 12,092 13,567 13,462 13,910 14,596 14.264 14,858 16,292 17,063 
Motor vehicles and motor 
vehicies equipment... . 4,300 4,219 4,321 4,754 5,384 6,164 7,171 7,167 7,783 8.756 8,594 9.063 9,132 10,652 
Other transportation 
equipment D 80 114 227 258 279 330 356 361 337 283 262 289 165 
Aircraft and missiles tee 2,570 3,440 4,186 4,010 4.764 5,649 6,066 5,939 5,766 5,503 5,387 5,533 6.671 6,246 
o 
(continued) “a 
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Appendix table 4-9. 


Company and other (excent Federal) funds for industrial R&D performance, by industry and size of company: 1980-33 


(page 2 of 2) 
Industry and size oi company 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
Millions of current doliars 
Professional and scientific 
‘struments 2.456 2.978 3,407 3,816 4211 4622 4,752 4.950 5.339 5.729 6,318 6.840 
scientific and mechanical 
measunng instruments 1,001 1,235 1,363 1,605 1,671 1,596 1,521 1.598 1.863 2.205 2.696 3,017 
Optical, surgical, photographic 
and other instruments 1,454 1.743 2,044 2.211 2,540 3,026 3,231 3,352 3,476 3,524 3,621 3,823 
Other manufacturing 
industnes 339 411 493 525 373 361 380 380 401 438 541 D 
Nonmanufacturing 
industnes 1.037 | 048 1,472 2,084 3,252 4401 4.740 5.144 7,257 10,302 16,351 22,941 
Less than 500 employees 1.711 1,880 2.411 3,781 3,781 5.127 6.203 6.200 6,732 7,178 8.102 11,285 
500 to 999" NA NA NA NA 1341 1,531 1,765 1.610 1,748 1.934 2.144 7,819 
1,000 to 4.999 2.257 2,586 3.241 3,438 4618 5.249 6.243 6.281 6.820 7,546 8.363 9 403 
5.000 to 9.999 1,596 2.369 2.224 2,080 2.764 3,350 3,455 3,753 4075 4.509 4.997 7.233 
10,000 to 24.999 4.867 5,537 6,448 7.228 8 546 8 366 8 489 9.681 10,512 11,631 12.890 12,397 
25,000 or more 20,045 23.056 25.781 28,061 30,354 33,421 33,778 33,878 36,785 40,703 45.106 42 443 


3,231 


D = withheld to avon disclosing operations of individual compames. S 
NOTES As a result of a new sampie design. statistics for 1986-91 have Deen revised These statistics now better reflect R&D performance among firms in nonmanutactunng industnes and small firms # 


Unt! 1984. data represent compames with less than 1.000 employees 


withheld because of imputation of more than 50 percent. NA 


not available 


SOURCE Science Resources Studies Division. Nationa! Science Foundation. Research and Development in industry 1993 (Arington, VA NSF. torthcormng) 


See figure 4-6 
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Appendix table 4-10. 
Federal funds for industrial R&D performance, by industry and size of company: 1980-93 


(page 1 of 2) 
industry and size of company 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
Millions of current dollars 
Total 14,029 16,382 18,545 20,680 23,396 27,196 27,891 30,752 30,343 28,554 28,125 26,372 
Food, kindred, and tobacco 
products . D D D D D D D 2 D D D 0 
Textiles and apparel D D D D D D D D D D D S 
Lumber, wood products, 
and furniture _ . D 0 0 0 0 0 0 0 D 0 0 D 
Paper and allied products D D 0 D D D D D D 0 0 D 
Chemicals and allied 
products 372 421 407 393 191 230 179 190 238 126 123 209 S 
industrial chemicals 341 409 396 386 183 217 178 185 232 111 109 165 S 
Drugs and medicines D D D D D D 1 D 6 D D D S 
Other chemicals D D D D D D 0 D 0 D D D S 
Petroleum refining and 
extraction 151 D D D D D D 14 22 S S 11 
Rubber products D D D D D D D D D D D D 
Stone, clay, and 
glass products D D D D D D 9 10 D D D D 
Primary metals 135 176 276 384 D D D 19 17 22 D 8 
Ferrous metals and 
products 105 D D D D D D D 1 D D 1 
Nonferrous metals and 
products 30 D D D 10 Zz 8 D 16 D D 7 
Fabricated meta! products 49 80 60 67 69 49 95 150 163 178 203 226 
Machinery 647 694 851 1.116 1,192 1,495 D D D D 871 1,055 
Office, computing, and 
accounting machines D D D D D D D D D D D D 
Other machinery 
except electrical D D D D D D 75 44 101 112 D D 
Electrical equipment 3,744 3,920 4.241 4 523 4,74) 5 161 5.213 5.399 4.153 3,743 4.133 4550 
Radio and TV receiving 
equipment 210 D D D D D 0 0 0 0 0 0 
Communication equipment 1,657 1,783 2,284 2.798 3,538 4.223 4.552 4.729 3,630 2.911 2,344 D 
Electronic components 382 361 398 359 477 559 D 656 44y 369 418 D 
Other elecincal equipment 1,495 D D D D D D 14 74 463 1,371 D 
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Appendix table 4-10. = 
Federal funds for industrial R&D performance, by industry and size of company: 1980-93 ° 
(page 2 of 2) a 
Industry and size of company 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
Millions of current dollars 
Transportation equipment. . . D D D D D D 17,708 20,784 20,865 19,262 17,097 12,570 11,202 10,438 
Motor vehicies and motor 
vehicles equipment ..... 655 587 476 564 673 820 D D D D D D D D 
Other transportation 
equipment............ D D D D D D D D D D D D D D 
Aircraft and missiles... .. . 6,628 8,528 10,265 11,396 14,094 16,582 14,984 18,519 18,402 16,828 15,248 11,096 S 9,369 
Professional and 
scientific instruments ... . . 573 637 523 450 391 391 351 272 191 263 737 1,865 2,221 2,767 
Scientific and mechanical 
measuring instruments . . 350 D D D D D D D S S S D 2,143 2,670 
Optical, surgical, photographic, 
and other instruments. . . 223 D D D D D D D 95 101 87 D 78 97 
Other manufacturing | 
industries ............. 25 D D D D D 2 D D D D D 61 D 
Nonmanufacturing industries. . 779 858 1,000 1,253 1,653 2,313 2,706 2,700 3,256 3,729 4,442 5,505 5,570 5,784 
Less than 500 employees' . . 354 424 523 641 621 739 868 963 816 901 895 1,687 2,025 1,662 | 
§0010 998'............. NA NA NA NA 9% 117 137 115 131 117 130 181 151 222 | 
1,000 to 4,999........... 444 562 623 740 902 991 1,229 981 1,093 958 881 1,050 1,021 1,175 | 
5,000 to9,999........... 432 619 527 718 487 672 796 748 864 740 257 816 763 610 | 
10,000 to 24,999......... 1,150 1,225 1,495 2,271 2,805 2,743 2,004 2,362 1,705 1,129 1,526 3,373 3,416 2,550 
25,000 ormore.......... 11,648 13,551 15,377 16,311 18,483 21,933 23,213 25,583 25,734 24,709 24,436 19,065 17,346 16,594 | 


D = withheld to avoid disclosing operations of individual companies; S = withheld because of imputation of more than 50 percent; NA = not available 
NOTES: As a result of a new sample design, statistics for 1988-91 have been revised. These statistics now better reflect R&D performance among firms in nonmanufacturing industries and small firms in all industries. 
‘Until 1984, data represent companies with less than 1,000 employees. 
SOURCE: Science Resources Studies Division, National Science Foundation, Research and Development in Industry: 1993 (Arlington, VA: NSF, forthcoming). 
See figure 4-6. 
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Appendix table 4-11. 

Manufacturing and nonmanufacturing R&D expenditures: 1970-93 

All industries All manufacturing industries All nonmanufacturing industries 
Total Company Federal Total Company Federal Total Company Federal 
Millions of current dollars ' 
1970 ......... 18,067 10,288 7,779 17,362 10,063 7,299 705 225 480 
ee 18,320 10,654 7,666 17,616 10,402 7,214 704 252 452 
a ee 19,552 11,535 8,017 18,845 11,258 7,587 707 277 430 
1973 ......... 21,249 13.104 8,145 20,534 12,805 7,729 715 299 416 
1974 ......... 22,887 14,667 8,220 22,119 14,362 7,757 768 305 463 
1975 ......... 24,187 15,582 8,605 23,452 15,157 8,295 735 425 310 
DE coaveceees 26,997 17,436 9,561 26,152 16,965 9,187 845 471 374 
1977 ......... 29,825 19,340 10,485 28,867 18,799 10,068 958 541 417 
1978 ......... 33,304 22,115 11,189 32,075 21,413 10,662 1,229 702 527 
1979 ......... 38,226 25,708 12,518 36,686 24,849 11,837 1,540 859 681 
— ee 44,505 30,476 14,029 42,690 29,439 13,251 1,815 1,037 778 
1981 ..... ...  §1,810 35,428 16,382 49,904 34,380 15,524 1,906 1,048 858 
ee 58,650 40,105 18,545 56,178 38,633 17,545 2,472 1,472 1,000 
1983 ......... 65,268 44,588 20,680 61,931 42,504 19,427 3,337 2,084 1,253 
eee 74,800 51,404 23,396 69,895 48,152 21,743 4,905 3,252 1,653 
1906 ......... 84,239 57,043 27,196 77,525 52,642 24,883 6,714 4,401 2,313 
Ps ceeseaes 87,823 59,932 27,891 80,377 55,192 25,185 7,446 4,740 2,706 
1987 ..... .. 92,155 61,403 30,752 84,311 56,259 28,052 7,844 5,144 2,700 
1988 ......... 97,015 66,672 30,343 86,502 59.415 27,087 10,513 7,257 3,256 
ae 102,055 73,501 28,554 88,024 63,199 24,825 14,031 10,302 3,729 
1990 ......... 109,727 81,602 28,125 88,934 65,251 23,683 20,793 16,351 4,442 
Pt chcavaees 116,952 90,580 26,372 88,506 67,639 20,867 28,446 22,941 5,505 
eee 119,110 94,388 24,722 90,177 71,025 19,152 28,933 23,363 5,570 
ere 118,334 95,521 22,813 87,114 69,983 17,131 31,220 25,538 5,682 
Millions of constant 1987 dollars’ 

are 51,327 29,227 22,099 49,324 28,588 20,736 2,003 639 1,364 
Sere 49,380 28,717 20,663 47,482 28,038 19,445 1,898 679 1,218 
eee 50,392 29,729 20,662 48,570 29,015 19,554 1,822 714 1,108 
eee 51,450 31,729 19,722 49,719 31,005 18,714 1,731 724 1,007 
errs 50,973 32,666 18,307 49,263 31,987 17,276 1,710 679 1,031 
Fre 49,161 31.671 17,490 47,667 30,807 16,860 1,494 864 630 
errr. 51,620 33,338 18,281 50,004 32,438 17,566 1,616 901 715 
ee 84493404 53,354 34,597 18,757 51,640 33,630 18,011 1,714 968 746 
ee 55,231 36,675 18,556 53,192 35,511 17,682 2,038 1,164 874 
ee 58,271 39,189 19,082 55,924 37,880 18,044 2,348 1,309 1,038 
eee 62,071 42,505 19,566 59,540 41,059 18,481 2,531 1,446 1,085 
eee 65,665 44,902 20,763 63,250 43,574 19,676 2,416 1,328 1,087 
Se 69,988 47,858 22,130 67,038 46,101 20,937 2,950 1,757 1,193 
Ferre 74,849 51,133 23,716 71,022 48,743 22,279 3,827 2,390 1,437 
reer 82,198 56,488 25,710 76,808 52,914 23,893 5,390 3,574 1,816 
Pare 89,236 60,427 28,809 82,124 55,765 26,359 7,112 4,662 2,450 
eee 90,633 61,849 28,783 82,948 56,958 25,991 7,684 4,892 2,793 
Peer 92,155 61,403 30,752 84,311 56,259 28,052 7,844 5,144 2,700 
i eee 93,373 64,169 29,204 83,255 57,185 26,070 10,118 6,985 3,134 
De cébenawes 94,060 67,743 26,317 81,128 58,248 22,880 12,932 9,495 3,437 
Serer rr 96,846 72,023 24,823 78,494 57,591 20,903 18,352 14,432 3,921 
eres 99,449 77,024 22,425 75,260 57,516 17,744 24,189 19,508 4,681 
er 64604ven’ 98,519 78,071 20,448 74,588 58,747 15,841 23,931 19,324 4,607 
ee 95,817 77,345 18,472 70,538 56,666 13,871 25,279 20,679 4,601 


NOTES: As a result of a new sample design, statistics for 1988-91 have been revised. These statistics now better reflect R&D performance among firms in 
nonmanufacturing industries and small firms in all industries. 


‘See appendix table 4-1 for GOP implicit price deflators used to convert current dollars to constant 1987 dollars. 


SOURCE: Science Resources Studies Division, National Science Foundation, Research and Development in industry: 1993 (Arlington, VA: NSF, forthcom- 
ing). 
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Appendi: table 4-12 
Concentration of total, Federal, and company and other R&D funds end net sales of 
R&0-pertorming compenies by size of R&D program 1963-93 


Comparees ranked by size of R&D program 1983 | 984 1985 1966 1987 1988 1989 1990 1991 1992 1993 
—-——--- —-—-- —.— Percent of total (company. Federal. and other) R&D tunds 
Fwet 4 (1-4) ts 17 18 9 9 8 9 18 16 56 16 
Mert 4 (5-8) " 13 12 "1 12 12 3 13 t} e 7? 
Next 12 (9-20) 17 7 17 14 16 17 16 1§ 12 13 13 
Next 20 (21 40) 3 3 13 3 12 12 12 12 1 1 3 
Next 60 (41-100) 17 18 16 1s 14 15 5 16 5 Ss 16 
Next 100 (101-200) 9 + 9 10 6 8 6 + 12 12 8 
Next 200 (201-400) 6 6 5 8 € 7 6 7 6 6 7 
—— . Percent of Federal RAD funds 
Fest 4 (1-4) NA 3 2 x] 31 32 % 38 4 "1 13 
Next 4 (5-8) NA 5 15 16 18 18 5 16 21 8 ‘9 
Next 12 (9-20) NA 26 27 28 27 28 x] 26 21 27 27 
Next 20 (21-40) NA 17 16 5 15 15 "1 12 15 13 14 
Next 60 (41-100) NA 10 7 7 7 6 6 6 13 1 "1 
Next 100 (101-200) NA 1 2 2 1 3 1 3 3 4 4 
Next 200 (201-400) NA 0 0 1 0 0 0 0 2 2 3 
Percent of company and other (except Federal) RAD tunds 
Fst 4 (1-4) NA 22 23 20 20 21 22 21 17 17 17 
Next 4 (5-8) NA a 7 7 7 7 7 7 7 7 7 
Next 12 (9-20) NA 12 12 12 12 12 13 12 10 12 9 
Next 20 (21-40) NA 12 12 10 1 12 12 13 10 1 12 
Next 60 (41-100) NA cf ) 18 16 16 16 16 17 16 17 17 
Next 100 (101-200) NA 1 10 10 10 10 10 10 5 14 9 
Next 200 (201-400) NA 7 7 a 8 6 8 cl] 7 7 - 
Percent of net sales ranked by size of total RAD funds 
Fret 4 (1-4) NA 7 a a 7 7 6 8 7 e 8 
Next 4 (5-8) NA 7 o 5 5 5 5 4 3 3 3 
Next 12 (3-20) NA 5 5 s 5 5 5 5 a 4 4 
Next 20 (21-40) NA 6 L) 7 7 6 5 5 4 4 4 
Next 60 (41-100) NA 12 12 10 "1 " 12 12 12 12 "1 
Next 100 (101-200) NA 3 13 10 8 9 8 9 9 ] 9 
Next 200 (201-400) NA 14 5 - 12 10 " 12 11 1 10 


NA © not evetatie 


NOTES Comparses were ranked nividuaty for each year theretore partcular Comparses Compneing [he size groups may have changed trom year to year As a result of a new sarnple Gesgn stavehcs for 1988-9! have 
been revaed These stensncs now Detier reflect R40 performance among firms in nonmanutactunng indusines and smal firms in af indusines 


SOURCE Scence Revources Studies Drsion Natonal Soence Foundation Survey of indusinal Research and Devetapment 1993 \Arengion VA NSF forthcoming) 
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Appendix table 4-13. 


Company arid other ‘2xcept Federal) R&D funds as a percent of net sales in R&D-performing manufacturing companies, by industry and size of company: 1983-93 


(page 1 of 2) 
industry and size of company SIC code 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
—— _—~ Percent — : 
SD. seannee4e00eeeeesencseseeessestes 2.6 2.6 3.0 3.2 3.1 3.1 3.1 3.1 3.2 3.3 3.1 
Distribution by industry 
Food, kindred, and tobacco products’ ........ 20,21 0.4 0.4 0.6 0.6 0.6 0.5 05 0.5 0.5 0.5 0.4 
Textiles and apparel ............22eeeeues 22,23 0.4 0.5 0.5 0.5 0.4 0.4 0.5 0.6 0.6 0.6 0.5 
Lumber, wood products, and furniture ........ 24,25 0.8 0.7 0.8 0.6 0.6 0.6 0.6 0.6 0.9 0.9 0.7 
Paper and allied products ...........-..e065 26 0.9 0.8 0.8 0.7 0.6 0.8 0.8 1.0 1.1 1.0 1.1 
Chemicais and allied products .............. 28 42 46 49 5.1 5.2 5.2 5.4 5.3 5.3 4 5.8 
industrial chemicals ..........002eeeeeee: 281-82,286 3.4 3.8 42 44 44 42 4.1 44 44 44 44 
Drugs and medicines ..............2e000. 283 7.7 8.2 8.0 8.4 8.7 8.8 8.9 8.8 8.9 9.6 12.1 
STD 0.00090006000000000000608 284-85 287-89 2.5 2.9 3.1 3.3 3.3 3.4 3.9 3.4 3.0 2.7 2.5 
Petroleum refining and extraction ........... 13,29 0.7 0.7 0.9 1.1 1.0 1.0 0.9 09 1.0 0.9 0.8 
ED o.nodncnnnsoeoe6 6060000 30 1.7 1.9 1.8 1.7 1.6 1.7 1.9 2.1 2.3 2.3 2.1 
Stone, clay, and glass products ............. 32 1.9 1.9 2.3 2.4 2.5 2.0 18 1.7 1.6 18 1.5 
PEI oc cnnencancoceceesceseecess 33 0.8 0.9 0.9 1.0 0.9 0.7 0.7 0.8 0.8 0.8 0.7 
Ferrous metals and products .............. 331-32,3398-99 0.6 0.6 0.5 0.7 0.6 0.5 0.5 0.5 0.5 0.4 0.4 
Nonferrous metals and products ........... 333-36 1.2 1.2 14 1.5 1.3 1.0 1.0 1.2 1.2 0.7 1.3 
Fabricated metal products .............+55. 34 1.3 1.4 1.4 1.4 1.2 1.1 1.2 1.1 12 1.1 1.1 
DD 00600000000000006000080000008 35 5.4 5.8 6.7 7.3 7.1 6.8 7.3 7.2 75 7.3 45 
Office, computing, and accounting machines . 357 10.0 10.5 12.4 12.4 12.3 11.2 13.1 14.4 14.9 13.7 9.7 
Other machinery, except electrical ......... 351-56 ,358-59 24 2.5 2.6 2.9 3.0 2.8 2.6 2.3 29 2.9 25 
Electrical equipment ..........000e eee eees 36 5.0 45 48 5.1 5.4 5.3 5.2 45 43 40 5.1 
Radio and TV receiving equipment ......... 365 2.9 3.7 43 3.6 3.2 2.4 1.8 1.6 1.0 0.8 3.8 
Communication equipment ............... 366 7.2 5.1 5.4 5.2 5.5 6.1 6.8 6.1 Ss 7.0 9.3 
Electronic components .........2eeee008. 367 6.6 6.6 8.2 9.2 8.5 8.0 7.7 7.4 7.2 7.0 7.9 
Other electrical equipment ................ 361-64 369 2.6 2.2 2.0 2.2 2.6 2.3 2.3 2.2 2.2 2.1 2.5 
Transportation equipment .............566. 37 NA 3.3 3.4 3.6 3.4 3.5 3.5 3.4 40 42 4.1 
Motor vehicles and motor vehicles equipment . . 371 3.5 3.0 3.1 3.3 3.4 3.4 3.7 3.7 4.1 4.0 3.6 
Other transportation equipment ............ 373-75,379 1.7 2.0 2.3 2.7 2.5 2.6 2.5 2.1 2.1 2.1 1.2 
Aircraft and missiles ............000eeeee- 372,376 4.1 40 3.9 40 3.6 3.9 3.3 3.1 4.0 47 5.2 
(continued) 
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Appendix table 4-13. 


Company and other (except Federal) R&D funds as a percent of net sales in R&D-performing manufacturing companies, by industry and size of company: 1983-93 


(page 2 of 2) 
Industry and size of company SIC code 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
Percent 
Professional and scientific instruments ....... 38 7.7 7.6 8.3 8.2 7.5 7.1 6.8 7.1 7.1 7.2 7.0 
Scientific and mechanical 
measuring instruments .............++-- 381-82 8.8 8.3 8.4 84 8.1 7.6 6.9 6.9 6.3 6.2 6.1 
Optical, surgical, photographic, and other 
PEE ccopescceceoeseseeceoeeces 384-87 7.1 7.3 8.1 8.0 7.2 7.1 7.1 75 8.0 8.2 7.9 
Other manufacturing industries’ ............ 27,31,39 1.0 1.1 1.0 1.2 1.1 1.0 0.9 0.9 0.8 1.0 1.3 
Distribution by size of company 
[Based on number of employees] 
Fewer than 500° ................-220-0-- 2.2 2.8 3.4 40 3.8 3.7 3.5 3.3 3.2 3.0 3.6 
DE cncasaagngesecaseserecuesede NA 2.2 2.2 2.2 2.2 1.7 1.7 1.7 2.4 28 2.7 
DED ccopngesseseseeeessesesess 2.0 2.0 24 2.4 2.4 2.3 2.1 1.9 24 22 2.4 
i p.00000990696060¢606000000% 1.3 1.6 1.8 2.0 2.0 2.0 2.1 28 2.9 28 2.7 
DPE ococcesecceeecseeeeseece 2.3 2.5 2.5 2.6 2.5 2.6 2.5 2.5 3.0 2.9 25 
OO eT Tee 3.4 3.2 3.5 3.7 3.8 3.7 3.7 3.6 3.8 3.9 3.6 


NA = not availabie 


NOTE: As a result of a new sample design. statistics for 1988-91 have been revised. These statistics now better reflect R&D performance among firms in nonmanufacturing industries and small firms in all industries. 


‘Until 1984, “Tobacco products” was included in “Other manufacturing industries.” 
“Data for 1983 are for companies with fewer than 1,000 employees. 


Until 1984, data were not broken down into this level of detail. See "Fewer than 500," above. 


SOURCE: Science Resources Studies Division, National Science Foundation, Survey of industrial Research and Development: 1993 (Arlington, VA: NSF, forthcoming). 


See figure 4-8 
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Appendix table 4-14. 
The 100 leading industrial R&D spenders in the United States: 1994 
(page 1 of 2) 
Rank R&D 
1994 1984 Company expenditures R&D/sales 
———— Million of dollars —Percent— 
1 2 General Motors ............ 7,035.8 46 
2 4 BEN vince ove cteus d04440006 5,214.0 41 
3 1 IBM .........0000000000.. 3,382.0 5.3 
4 3 AT&T ..................2.. 3,110.0 4.1 
5 12 Hewlett-Packard ........... 2,027.0 8.1 
6 21 Motorola .................. 1,860.0 8.4 
7 15 BE cccncceeeseuseesees 1,704.0 7.8 
8 11 Digital Equipment........... 1,301.3 9.7 
9 17 Chrysier .................. 1,300.0 2.6 
10 20 Johnson & Johnson ......... 1,278.0 8.1 
11 14 Dow Chemicai ............. 1,261.0 6.3 
12 22 eee 1,230.6 8.2 
13 6 General Electric ............ 1,176.0 2.0 
14 38 Pfizer ..................0.. 1,139.4 13.8 
15 54 Intel 0.0... ee 1,111.0 96 
16 50/63 Brisol-Myers Squibb......... 1,108.0 9.2 
17 26 Procter& Gamble .......... 1,059.0 3.5 
18 18 Ml seccbes seeeevevuneves 1,054.0 7.0 
19 5 Du Pont .................. 1,047.0 3.1 
20 7 United Technoiogies ........ 978.0 46 
21 46 Abbott Laboratories ......... 963.5 10.5 
22 28 ctbeepneneeeeuaes er 897.1 15.7 
23 13 ME ope ek cca geen ee6ete< 895.0 5.3 
24 4 Eastman Kodak ............ 859.0 6.3 
25 53 American Home Products ...... 817.1 9.1 
26 27 Texas Instruments .......... 689.0 6.7 
27 58 Schering-Plough ........... 620.0 13.3 
28 - Rhone-Poulenc Rorer ....... 611.1 14.6 
29 = Microsoft ................. 610.0 13.1 
30 25 Monsanto ................. 609.0 7.4 
31 37 Pn s2¢egeecececteesees 607.2 18.2 
32 ~ Rockwell international ...... 595.3 5.4 
33 - Apple Computer............ 564.3 6.1 
34 10 ch: beebede646-4000062 558.0 0.6 
35 16 SEE sicenedes 600000446 483.4 6.5 
36 = Marion MerrellDow ......... 462.0 15.1 
37 52 Warrer-Lambert............ 456.0 7.1 
38 ~ Sun Microsystems .......... 454.7 9.7 
39 23/- Lockheed Martin ......... 449.0 3.4 
40 - Philip Morris ............... 435.0 0.8 
41 67 TRW . ene 412.0 45 
42 8 BE n5449000006060s0000040 396.0 1.7 
43 - Ns 5 02b40 0446006066405 346.7 17.4 
44 80 Baxter International ......... 343.0 3.7 
45 32 Goodyear Tire & Rubber ..... 341.3 2.8 
46 - PED obéccseneovavessceese 323.6 19.6 
47 19 Honeywell ............... 319.0 5.3 
48 30 AlliedSignal ............... 318.0 2.5 
49 44 Caterpillar ................ 311.0 2.2 
50 - Genentech ................ 306.7 40.8 
51 - Tandem Computers ......... 305.3 14.5 
52 77 Emerson Electric ........... 298.2 3.5 
53 24 McDonnell Douglas ......... 297.0 2.3 
54 - Advanced Micro Devices .__.. 260.0 13.1 
55 45 Deere .. eeeueeee 275.7 3.1 
56 49 Mobil. 275.0 0.5 
(continued) 
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Appendix table 4-14. 
The 100 leading industrial R&D spenders in the United States: 1994 
(page 2 of 2) 
Rank R&D 
1994 1984 Company expenditures R&D/saies 
——— Million of dollars ——— ——Percent — 
57 43 Raytheon ................. 269.6 2.7 
58 59 AMP ..................... 265.0 6.6 
59 61 National Semiconductor .... .. 257.8 11.2 
60 - MD vinesesee000¢0 090040 255.7 26.3 
61 . Oracle Systems ............ 236.4 11.8 
62 ~ Compaq Computer ......... 226.0 2.1 
63 = Computer Associates Inti. . 225.8 10.5 
64 - Amoco ...... saveabeeees’s 225.0 0.9 
65 65 PPG Industries............. 218.1 3.4 
66 79 eres 213.0 3.5 
67 69 Amdahi................... 203.2 12.4 
68 81 Rohm &Haas ............. 201.0 5.7 
69 - Cummins Engine ........... 198.0 42 
70 - Applied Materiais ........... 189.1 11.4 
71 - Textron... ee eee 187.0 1.9 
72 73 Chevron .................. 179.0 0.6 
73 = Silicon Graphics ............ 177.2 12.0 
74 88 ED te eeendedededeese 176.9 3.7 
75 55 0 er eee 175.0 0.5 
76 - Loral................ 172.6 43 
77 ~ Seagate Technology ........ 171.9 49 
78 47 Shelli Ol} 2... 22 ee 170.0 0.8 
79 ~ Storage Technology......... 169.8 10.5 
80 - Kimberley-Clark ............ 167.1 2.3 
81 - Eastman Chemical.......... 167.0 3.9 
82 74 FMC ow. cee eee 166.8 42 
83 ~ ED £44.9696640600b00065 166.2 447 
84 68 Polaroid ...............00; 165.7 72 
85 41 Westinghouse Electric ..... 162.0 1.8 
86 - Automatic Data Processing ... 160.8 6.5 
87 - errs 159.7 1.2 
88 - Meditronic ................ 156.3 11.2 
89 83 Ingersoll-Rand ............. 154.6 3.4 
90 56 Tektronic ... 2.0... eee, 153.1 11.6 
91 - Pepsico ..............055. 152.0 0.5 
92 - Whirlpool ... 0.20... 266. 152.0 1.9 
93 97 Coigate-Paimolive .......... 147.1 1.9 
94 ~ DSC Communications ....... 146.8 14.6 
95 - Becton Dickinson ........... 144.2 5.6 
96 - Cray Research............. 140.6 15.3 
97 35 DET us66000000054-6.000008< 139.0 0.7 
98 - SE wisencéeseceseseaser 138.0 2.0 
99 Intergraph 2... eee, 137.2 13.2 
100 - Gillette 2.2... en, 136.9 2.3 


~ = Company unranked in 1984; 1 = 1964 ranking of each company before merger 
SOURCE: Standard & Poors Compustat PC Pius diskette (1995) 
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Appendix table 4-15. 
Smail Busi ess innovation Research awards, by award type and agency: FYs 1983-93 
Cumulative 
Award type and agency 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1983-93 
Millions of current dollars 
Total’... ee eee. 45 108 199 298 351 389 432 461 483 508 698 3,972 
By type 
Phaselawards...... 45 48 69 99 110 102 108 118 128 128 154 #8 1,107 
Phase ll awards.............. 0 60 130 199 241 285 322 342 336 371 491 2.777 
By agency 
Defense ................... 20 45 78 151 194 208 233s 24 241 242 385 2,037 
Health and Human Services .. _. . 7 23 45 57 67 73 79 84 93 102 126 756 


National Aeronautics and Space 


Administration.............. 5 13 29 36 32 47 52 62 69 73 86 511 
tn nbn eh asend sees < 5 16 26 29 28 30 33 39 39 43 50 339 
National Science Foundation .... 5 7 10 15 17 17 19 20 22 23 29 183 
Agriculture.................. 1 2 3 - 4 + * S 5 6 7 42 
Transporiation............... . 2 3 4 3 3 4 4 6 3 a 37 
Environmental Protection 

Cs See cendeseeseeeers ' 1 2 3 3 3 3 3 S - 5 31 
Education.................. ° 1 1 2 2 2 2 2 3 2 20 
Nuclear Regulatory 

Commission ............... ° 1 1 1 1 1 1 1 0 1 2 11 
Commerce.................. 0 0 0 1 2 1 1 1 1 2 2 11 
a tet pint tt te ’ 1 . 0 0 0 0 0 0 1 

* = less than $500,000 


‘Totals are Smaii Business Innovation Research award obligations that include award modifications. The detaiis by award type and agency do not necessarily contain 
subsequent year revisions and may not add to totals 


SOURCE US Smaii Business Administration, Smaii Business innovation Development Act (Washington, DC: SBA, ongoing series) 
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Appendix table 4-16. 
Budgetary impact and company claims of the Federal research and experimentation tax credit: FYs 1981-96 
Credits Outiay Total Ratio of Credits Outlay 
Claimed by equivalent cost Federal credit outlays claimed by equivalent cost 
Agency U.S. firms’ of credit? R&D outlays to R&D U.S. firms of credit? 
Millions of constant 
Millions of current dollars Percent 1987 dollars? 
i nb stdacverreveseceesewcenss 639 205 32,459 0.63 821 263 
DE, cuscesncddvesasdvetuocaess 839 640 34,391 1.86 1,004 766 
1983... 1,278 1,010 36,659 2.76 1,469 1,161 
PL ccspophddcuvncterseerecaceus 1,589 3,360 39,691 8.47 1,748 3,696 
PE sc acedeseeveseeseveshcesvaes 1,628 2,430 44,171 5.50 1,726 2,577 
1986... 6... ee, 1,292 2,295 50,609 4.53 1,331 2,364 
Es ¢wikes becaveneses 1,053 2,715 51,612 5.26 1,053 2,715 
ME ¢-pedsabeuvecseesseest 1,277 1,240 54,739 2.27 1,233 1,197 
ih ¢o0s 65606668006 060.00600608565 1,341 1,590 59,450 2.67 1,239 1,470 
1990. eee 1,547 1,625 62,247 2.61 1,381 1,451 
1991 1,585 1,070 61,130 1.75 1,358 917 
i 6.036 6 5:0-05.65 0605608 6052566664 1,578 1,850 62.634 2.95 1,314 1,540 
Ph cowedeuesheeeséceessestesss NA 1,900 65,241 2.91 NA 1,545 
ME, < o05 6000606668 60006800R000; NA 2,110 66.404 3.18 NA 1,683 
19956... can, NA 1,820 69,280 2.63 NA 1,413 
Ph «¢octnenks uses tienen eene eee NA 1,040 69,880 1.49 NA 784 


NA = not available 


NOTES. Tax expenditure estimates are prepared by the Treasury Department. based on the income tax law enacted as of Dec. 31 of the year for which the expendi- 
tures are reported. Expenditures for the years 1994-96 are estimated based on the income tax law enacted as of Dec 31, 1994 


‘The vaiue of credits actually received by u S firms is less than the amounts claimed 


“Outlay equivalent” estimates are comparable to taxable outlay figures reported in the budget. This allows a comparison of the resource cost of the tax credit with the 
cost of direct Federal R&D expenditure support 


‘See appendix table 4-1 for GOP implicit price deflators used to Convert current dollars to constant 1987 dollars 


SOURCES. Office of Management and Budget. Budget of the United States Government (Washington, DC. OMB, annual series). and internal Revenue Service, as 
reported in Office of Technology Assessment. The Effectiveness of Research and Experimentation Tax Credits (Washington, DC: OTA, 1995) 


See figure 4-11 
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Federal obligations for R&D and R&D plant, by agency and character of work: FYs 1980 and 1985-95 
(page 1 of 6) 
Agency 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 
Millions of current dollars 
Total R&D 
Total,aliagencies .._—s«—si. peeesaeteuen 29,830 48,360 51,412 55.255 56,935 61,406 63,667 61,295 65,592 67,314 69.594 69,366 
Dept. of Agriculture . . . er -eeeewues 688 943 929 948 1,017 1,038 1,108 1,237 1,327 1,328 1,388 1,397 
Dept. of Commerce.................. - 343 399 399 402 389 398 438 490 651 656 983 1,212 
Dept.of Defense............ -eeeeeeena 13,981 29,792 32,938 35.232 35,415 37,577 37 268 32,135 36,129 35,843 35.649 34926 
Dept. of Education _ . peeeeeee eed 139 125 121 133 141 159 170 171 169 178 189 174 
Dept. of Energy {eee ewaneens 4,754 4,966 4.688 4,757 5,036 5,193 5.631 5.983 6.172 6,262 6,530 6.370 
Dept. of Health & Human Services 3,780 5,451 5.658 6.609 7,158 7,903 8.406 9.756 8,988 10,349 11,032 11,481 
Nationa! Institutes of Health . . . 3,182 4.828 5,005 5,853 6,291 6,778 7,137 7,696 8,409 9.765 10,342 10,851 
Dept. of Housing & Urban Development ee . 56 19 15 16 18 18 19 28 25 24 39 41 
Dept. of the interior - soeeuees 411 392 385 404 417 469 509 593 609 619 629 631 
Dept. of Labor _ . - . esas 138 13 10 22 36 35 73 44 52 55 52 66 
Dept. of Transportation . eeueeuee a 361 429 386 324 304 303 366 380 445 545 750 692 
Dept. of Veterans Affairs oe . 133 227 186 210 215 235 238 217 224 236 256 211 
Agency for international Development 149 220 251 218 204 279 335 378 366 382 316 314 
Environmental Protection Agency - 345 320 317 348 347 380 420 433 484 495 557 611 
National Aeronautics & Space Administration 3,234 3,327 3,420 3,787 4.330 5,393 6,533 7,280 7,658 8,020 8,766 8,585 
National Science Foundation 882 1,346 1,353 1,471 1,533 1,670 1,690 1,785 1,868 1,882 2,031 2,219 
Nuclear Regulatory Commission 183 150 124 123 109 115 218 109 119 120 114 112 
All other agencies 253 242 232 254 266 241 248 278 306 314 313 324 
Basic research 
Total, all agencies 4674 7,819 8.153 8.944 G.474 10,602 11,286 12,171 12.490 13,399 14,043 14,201 
Dept. of Agriculture 276 445 433 445 481 485 519 558 595 616 645 661 
Dept of Commerce 16 2%; 27 26 31 29 31 34 35 37 41 52 
Dept. of Defense 540 86) 924 908 877 948 948 994 1,089 1,268 1,341 1,244 
Dept. of Education 18 15 5 3 4 4 5 9 8 5 8 6 
Dept. of Energy 523 943 960 1,068 1,185 1,411 1,505 1,686 1,736 1,755 1,693 1,665 
Dept. of Health & Human Services 1,763 3,233 3,339 3,830 4,081 4,388 4649 5,050 5.059 5,697 5.987 6,269 
Nationa! institutes of Health 1,642 3,018 3,119 3,577 3.795 4.053 4.262 4,590 5.057 5,696 5,986 6,268 
Dept. of Housing & Urban Development 0 0 0 0 0 0 0 0 0 0 0 0 
Dept. of the Interior 72 138 133 135 126 189 205 229 231 230 222 193 
Dept. of Labor 4 3 1 1 1 1 . . 6 6 12 
Dept. of Transportation 0 1 1 0 0 0 0 0 1 2 4 2 
Dept. of Veterans Affairs 14 15 15 17 17 17 16 16 16 13 14 1 : 
Agency for International Development 0 2 4 3 3 3 5 6 6 8 6 7 x 
Environmental Protection Agency 14 39 39 31 27 51 73 91 110 89 100 110 > 
Nationai Aeronautics & Space Administration 559 751 917 1,014 1,113 1,417 1.637 1,706 1,738 1,800 1,966 1,786 
National Science Foundation 815 1,262 1,275 1,371 1,433 1,563 1.586 1,676 1,741 1,744 1,875 2.044 ; 
Nuclear Regulatory Commission 0 0 0 0 0 0 0 0 0 0 0 0 re 
All other agencies 61 88 83 93 95 96 106 115 115 129 135 139 a 
(continued) : 


Appendix table 4-17. © 
Federal obligations for R&D and R&D pliant, by agency and character of work: FYs 1980 and 1985-95 o 
(page 2 of 6) 5 
Be 
Agency 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 2 
Millions of current dollars | 3 
Applied Research 2 
Total, allagencies......................... 6,923 8,315 8,349 8,999 9,176 10,163 10,453 11,798 12,001 13,491 13,990 13,960 a 
Dept. of Agriculture... ..............22.00.., 382 466 464 473 505 517 550 618 666 636 663 654 
Dept. of Commerce..................--5--- 239 301 313 313 311 322 346 415 561 545 767 860 ‘§ 
Dept. of Defense....................-.2.4.. 1,721 2,307 2,303 2,440 2,362 2,708 2,582 2,724 2,974 3,515 3,044 3,018 Z 
Dept. of Education.....................2... 70 77 91 104 107 118 125 123 119 128 133 131 . 
EE 754 1,198 1,081 1,029 1,051 1,021 1,066 1,587 1,676 1,685 1,700 1,716 g 
Dept. of Health & Human Services............. 1,570 1,796 1,851 2,195 2,416 2,700 2,818 3,112 2,887 3,496 3,751 3,852 | 
National Institutes of Health................. 1,145 1,410 1,469 1,740 1,886 2,008 2,074 2,194 2,341 2,943 3,094 3,253 
Dept. of Housing & Urban Development.......... 20 7 5 6 6 6 7 9 9 8 14 14 
Dept. of the Interior........................ 283 231 235 247 266 253 270 324 340 350 361 392 
OLE TTC T CETTE 33 9 9 19 26 22 21 24 24 13 15 18 | 
Dept. of Transportation..................... 82 70 68 68 91 120 119 115 156 224 345 308 | 
Dept. of Veterans Affairs.................... 104 194 155 173 179 197 199 178 185 194 210 175 | 
Agency for International Development .......... 80 158 181 151 132 216 300 352 294 351 270 264 | 
Environmental Protection Agency.............. 232 176 179 246 241 223 242 262 294 272 306 305 | 
National Aeronautics & Space Administration ..... 1,051 1,033 1,152 1,256 1,219 1,461 1,424 1,666 1,491 1,749 2,074 1,897 
National Science Foundation................. 58 84 78 99 100 108 103 109 127 138 156 175 
Nuclear Regulatory Commission .............. 183 150 124 123 109 115 218 109 119 120 114 112 
Ce Ns ee a weak tig awn 63 59 61 57 56 56 64 71 79 67 67 69 | 
Development 
Nn Soa a's 6 5 56 0 ano ee bees 18,233 32,226 34,910 37,313 38,285 40,640 41,928 37,327 41,102 40,424 41,560 41,205 | 
a ee ie a 30 32 32 29 31 36 39 61 66 76 80 82 
Fe era see 88 75 60 64 47 47 61 40 55 74 175 300 | 
ee te ine cee aeid bs Garkint ee 11,719 26,623 29,711 31,884 32,176 33,921 33,739 28,417 32,056 31,066 31,264 30,664 | 
ak kn a aie ok ne & eine aad 52 33 26 26 30 37 40 39 42 44 48 36 
ie ed ann a on oh hn eG eo 3,476 2,825 2,648 2,659 2,801 2,761 3,060 2,709 2,760 2,822 3,137 2,989 
Dept. of Health & Human Services............. 447 423 468 584 661 814 939 1,594 1,042 1,157 1,294 1,360 
National Institutes of Health................. 394 400 418 536 610 717 801 913 1,011 1,127 1,262 1,331 
Dept. of Housing & Urban Development.......... 36 12 10 11 12 12 13 18 16 16 25 26 
he ee ee ee ee ob 57 22 17 22 24 27 33 40 39 39 46 46 
ees er eer 102 1 1 1 9 13 51 20 28 36 31 35 
Dept. of Transportation..................... 279 358 317 256 213 182 247 265 288 319 401 382 
Dept. of Veterans Affairs.................... 16 18 16 19 19 21 22 23 23 29 31 25 
Agency for international Development .......... 70 61 66 64 69 60 29 20 66 23 40 43 
Environmental Protection Agency.............. 100 106 100 71 80 107 104 79 80 134 150 195 
National Aeronautics & Space Administration ..... 1,624 1,544 1,351 1,518 1,999 2,515 3,473 3,909 4,428 4,471 4,726 4,903 
National Science Foundation................. 8 0 0 0 0 0 0 0 0 0 0 0 
Nuclear Regulatory Commission .............. 0 0 0 0 0 0 0 0 0 0 0 0 
EL 6b -0.0 bee hads 6000 ew awe OR 129 95 88 106 114 87 78 92 113 118 112 119 _ 
(continued) =| & 
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Appendix table 4-17. 
Federal obligations for R&D and R&D pliant, by agency and character of work: FYs 1980 and 1985--95 


(page 3 of 6) 

Agency 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 
Millions of current dollars 
R&D plant 
Total, allagencies.... sss sss dds, 1,556 1,821 1,539 1,846 2,057 2,967 2,284 3,695 2,985 3,101 3,224 2,380 
Dept. of Agriculture........................ 57 41 79 112 135 124 102 145 165 142 155 80 
Dept. of Commerce........................ 5 4 9 5 . 11 16 15 16 21 25 183 103 
Dept. of Defense.......................... 208 531 286 477 436 615 487 1,253 397 372 255 260 
Dept. of Education ........................ 0 1 7 21 5 2 9 4 2 2 2 2 
ee 1,024 868 742 772 915 1,043 916 1,220 1,321 1,462 949 943 
Dept. of Health & Human Services............. 31 42 38 37 20 131 108 86 97 149 378 136 
National Institutes of Health... .............. 29 29 29 35 19 130 85 68 82 128 350 126 
Dept. of Housing & Urban Development.......... 0 0 0 0 0 0 0 0 0 0 0 0 
Dept. of the Interior........................ 8 4 4 12 9 12 14 22 18 23 27 25 
OE ee 0 0 0 0 0 0 0 0 0 0 0 0 
Dept. of Transportation..................... 23 9 12 11 14 19 22 18 25 32 50 29 
Dept. of Veterans Affairs.................... 4 3 5 6 20 1 3 3 6 3 15 9 
Agency for ‘nternational Development .......... 6 7 8 7 6 0 13 15 0 0 0 0 
Environmental Protection Agency.............. 0 0 0 0 0 0 0 0 0 3 5 5 
National Aeronautics & Space Administration .... . 159 234 275 309 428 853 527 724 818 749 990 613 
National Science Foundation................. 19 74 53 61 57 119 39 160 102 130 209 169 
Nuclear Regulatory Commission .............. 8 0 0 0 0 0 0 0 0 0 0 0 
ES 4 2 20 15 1 22 27 29 13 9 6 6 
R&D and R&D piant 

Total, allagencies......................... 31,386 50,180 52,951 57,101 58,992 64,373 65,951 64,991 68,577 70,415 72,818 71,746 
es oe a a ee eke ee eke OES 745 984 1,008 1,060 1,152 1,162 1,211 1,381 1,492 1,470 1,543 1,477 
I oS elk hei oar ta wee wie 347 403 409 407 400 414 454 505 672 681 1,166 1,315 
a a Ole a nee atk we'd a Bled 14,189 30,322 33,224 35,709 35,851 38,192 37,755 33,388 36,526 36,221 35,904 35,186 
eT ere eee ee 139 126 128 154 146 161 179 175 171 180 191 176 
iis ale bed Ba he 660 44 488 5,778 5,834 5,431 5,529 5,951 6,236 6,547 7,203 7,493 7,724 7,479 7,313 
Dept. of Health & Human Services........ 3,811 5,493 5,696 6,645 7,178 8,034 8,513 9,842 9,085 10,498 11,410 11,617 
National Institutes of Health................. 3,211 4,857 5,035 5,889 6,310 6,908 7,221 7,763 8,491 9,893 10,692 10,977 
Dept. of Housing & Urban Development... . 56 19 15 16 18 18 19 28 25 24 39 41 
EE 419 396 390 416 426 481 523 615 627 642 656 656 
ae 138 13 10 22 36 35 73 44 52 55 52 66 
Dept. of Transportation..................... 385 438 398 336 318 322 387 398 470 577 800 721 
Se Cr IN sp ccc ececstccsececes 138 230 191 215 235 246 241 220 230 239 271 220 
Agency for international Deveiopment .......... 156 227 259 224 211 279 348 393 366 382 316 314 
Environmental Protection Agency.............. 345 320 317 348 347 380 420 433 484 498 562 616 
National Aeronautics & Space Administration ... . . 3,393 3,562 3,695 4,097 4,758 6,246 7,060 8,004 8,476 8,769 9,756 9,198 
National Science Foundation................. 901 1,419 1,407 1,532 1,590 1,789 1,729 1,945 1,970 2,012 2,240 2,388 
Nuclear Regulatory Commission .............. 190 150 124 123 109 115 218 109 119 120 114 112 
I 5 04660600004 4600680 04008 257 275 330 
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Appendix table 4-17. 


Federal obligations for R&D and R&D plant, by agency and character of work: FYs 1980 and 1985-95 


(page 4 of 6) 

Agency 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 
Millions of constant 1987 dollars’ 
Total R&D 
Total, allagencies......................... 42,253 51,283 52,948 55,255 54,957 56,752 56,846 52,524 54,614 54,727 55,498 53,856 
Dept. of Agriculture............22.2........ 974 1,000 956 948 982 959 990 1,060 1,105 1,080 1,107 1,085 
Dept. of Commerce........................ 485 423 411 402 375 368 391 420 542 533 784 941 
Dept. of Defense.......................... 19,803 31,592 33,922 35,232 34,184 34,729 33,275 27,536 30,082 29,146 28.428 27,116 
Dept. of Education ........................ 197 132 125 133 136 147 152 147 141 145 151 135 
I ila anne eo 6 40 te ses 888 6,733 5,266 4,828 4,757 4,861 4,799 5,027 5,127 5,139 5,091 5,207 4,946 
Dept. of Health & Human Services............. 5,354 5,780 5,827 6,609 6,909 7,304 7,505 8,360 7,484 8,414 8,797 8.914 
National Institutes of Health................. 4,507 5,120 5,155 5,853 6,072 6,264 6,372 6,594 7,002 7,939 8,247 8,425 
Dept. of Housing & Urban Development......... 79 20 16 16 17 17 17 24 21 20 31 32 
Dept. of the Interior........................ 583 415 397 404 403 433 454 508 507 503 502 490 
Dept.ofLabor .......................00.. 196 14 11 22 35 32 65 38 43 45 41 51 
Dept. of Transportation..................... 512 455 397 324 293 280 326 326 371 443 598 537 
Dept. of Veterans Affairs.................... 189 240 192 210 208 217 212 186 187 192 204 164 
Agency for international Development .......... 211 234 259 218 197 258 299 324 305 311 252 244 
Environmental Protection Agency.............. 489 340 327 348 335 351 375 371 403 402 444 474 
National Aeronautics & Space Administration .... . 4,581 3,528 3,522 3,787 4,180 4,984 5,833 6,238 6,376 6,520 6,990 6,665 
National Science Foundation................. 1,249 1,427 1,394 1,471 1,480 1,543 1,508 1,530 1,555 1,530 1,620 1,723 
Nuclear Regulatory Commission .............. 259 159 127 123 105 106 194 93 99 98 91 87 
i. 2. oes coe 6650064600 00%%- 358 256 239 254 257 223 221 239 255 255 250 252 
Basic research 
Total, aliagencies......................... 6,621 8,291 8,397 8,944 9,145 9,799 10,076 10,429 10,400 10,893 11,199 11,026 
es a's 6 64666084 RNEEIE EERO 391 472 446 445 464 448 464 478 495 501 514 513 
so v0 560600 seed Caeeeeeet 23 25 27 26 30 27 28 29 29 30 33 40 
i  t-3s 6462600060 eeseeeaee nt 765 913 951 908 847 876 846 852 915 1,031 1,069 966 
nn 2.566 0n6escbesaakeeenns 25 15 5 3 4 4 4 7 7 4 6 5 
Cf ATO TTS CTT TTT ee ee Tee 741 1,000 988 1,068 1,144 1,304 1344 1,445 1,445 1,427 1,350 1,293 
Dept. of Health & Human Services............. 2,497 3,428 3,439 3,830 3,939 4,055 4,151 4,327 4,212 4,632 4,774 4,867 
National institutes of Health................. 2,326 3,200 3,212 3,577 3,663 3,746 3,805 3,933 4,211 4,631 4,774 4,866 
Dept. of Housing & Urban Development.......... 0 0 0 0 0 0 0 0 0 0 0 0 
Ee eee 101 147 137 135 122 175 183 196 192 187 177 150 
CC EE ee ee ee ee ee ee 6 3 1 1 1 1 0 0 0 5 5 9 
Dept. of Transportation..................... 0 1 1 0 0 0 0 0 1 2 3 2 
Dept. of Veterans Affairs.................. : 20 16 15 17 17 15 14 14 13 11 11 9 
Agency for international Development .......... 0 2 4 3 3 3 4 5 5 7 5 5 
Environmental Protection Agency.............. 19 41 40 31 26 47 66 78 92 72 80 85 
National Aeronautics & Space Administration ..... 792 796 944 1,014 1,074 1,310 1,462 1,462 1,447 1,463 1,568 1,387 
National Science Foundation................. 1,155 1,338 1,313 1,371 1,383 1,445 1,416 1,436 1 450 1,418 1,495 1,587 
Nuclear Regulatory Commission .............. 0 0 0 0 0 0 0 0 0 0 0 0 
I « 6'56 66905040 46660460000084 87 93 85 93 91 89 94 99 96 105 108 108 
(continued) 
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Appendix table 4-17. 
Federal obligations for R&D and R&D pliant, by agency and character of work: FYs 1980 and 1985-95 


(page 5 of 6) 


1992 


— Millions of constant 1987 dollars' 


Dept. of Education 
Dept. of Energy 
Dept. of Health & Human Services 

National institutes of Health 
Dept. of Housing & Urban Development 
Dept. of the Interior 
Dept. of Labor 
Dept. of Transportation 
Dept. of Veterans Affairs 
Agency for International Development 
Environmental Protection Agency 
National Aeronautics & Space Administration 
National Science Foundation 
Nuclear Regulatory Commission 
All other agencies 


Total, all agencies 
Dept. of Agriculture 
Dept. of Commerce 
Dept. of Defense 
Dept. of Education 
Dept. of Energy 
Dept. of Health & Human Services 

Nationai Institutes of Health 
Dept. of Housing & Urban Development 
Dept. of the Interior 
Dept. of Labor 
Dept. of Transportation 
Dept. of Veterans Affairs 
Agency for International Development 
Environmenta! Protection Agency 
National Aeronautics & Space Administration 
National Science Foundation 
Nuclear Regulatory Commission 
All other agencies 


Peet eaeerrer eer ae eae eee ee es ee ee 


6:2 6.2 2.4.4 6 @ 46.6.6 6 6 @ 


1986 1987 1988 
Applied Research 
8,598 8,999 8,857 

477 473 487 
322 313 300 
2,372 2,440 2,280 
94 104 103 
1,113 1,029 1,014 
1,906 2,195 2,332 
1,513 1,740 1,820 
5 6 6 
242 247 257 
9 19 25 
70 68 88 
160 173 173 
186 151 128 
185 246 233 
1,187 1,256 1,177 
80 99 97 
127 123 105 
63 57 54 
Development 

35,953 37,313 36,955 
33 29 30 
61 64 45 
30,598 31,884 31,058 
26 26 29 
2,727 2,659 2,704 
482 584 638 
430 536 589 
10 11 12 
18 22 23 
1 1 9 
327 256 206 
17 19 19 
68 64 67 
102 71 77 
1,391 1,518 1,930 
0 0 0 
0 0 0 

90 


2,298 
868 


¢ ez 
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Appendix table 4-17. % 

Federal obligations for R&D and R&D plant, by agency and character of work: FYs 1980 and 1985-95 g 

(page 6 of 6) 2 

Qe 

Agency 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 3 

Millions of constant 1987 dollars’ > 

R&D plant 3 

7 ve) 

Total, aliagencies..... === 2,204 1,931 1,585 1,846 1,986 2,742 2,039 3,167 2,485 2,521 2,571 1,848 a 

Dept. of Agriculture........................ 81 43 82 112 130 115 91 124 137 115 124 62 2 

Dept. of Commerce........................ 7 4 10 5 11 15 14 14 17 20 146 80 S 

Dept. of Defense. ........................ 295 563 295 477 421 568 435 1,074 331 302 203 202 : 

Dept. of Education ........................ 0 1 7 21 5 2 8 4 2 2 2 2 = 

I an vos nee ge ers sereerv ees 1,450 921 764 772 883 964 818 1,046 1,100 1,189 757 732 S 
Dept. of Health & Human Services............. 43 45 39 37 19 121 96 74 81 121 301 106 
National Institutes of Health. .............. 42 31 30 35 18 120 76 58 68 104 279 98 
Dept. of Housing & Urban Development ......... 0 0 0 0 0 0 0 0 0 0 0 0 
Dept. of the Interior...........0 0 ............ 11 o 4 12 9 11 13 19 15 19 22 19 
ac cca aries teaeeceenees 0 0 0 0 0 0 0 0 0 0 0 0 
Dept. of Transportation..................... 33 10 12 11 13 18 19 16 21 26 40 23 
Dept. of Veterans Affairs.................... 6 3 5 6 19 10 3 3 5 2 12 7 
Agency for international Development .......... 9 7 8 7 6 0 12 13 0 0 0 0 
Environmental Protection Agency.............. 0 0 0 0 0 0 0 0 0 2 a 4 
National Aeronautics & Space Administration .... 225 248 283 309 413 788 471 620 681 609 789 476 
National Science Foundation................. 26 78 55 61 55 110 35 137 85 106 167 131 
Nuclear Regulatory Commission .............. 11 0 0 0 0 0 0 0 0 0 0 0 
fa 6 2 21 15 1 20 24 25 11 7 5 5 

R&D and R&D plant 

Total, allagencies............ 2... ee, 44,456 53,214 54,533 57,101 56,942 59,494 58,885 55.690 57,100 57,248 58,069 55,703 
CC: ccoceceseescceceeseseses 1,055 1,043 1,038 1,060 1,112 1,074 1,081 1,184 1,242 1,195 1,230 1,147 
CE sccceéececeneeeeseeeens 492 427 421 407 386 383 405 433 560 554 930 1,021 
Peer reer eee reeeee 20,098 32,155 34,216 35,709 34,605 35,298 33,710 28,610 30,413 29,448 28,632 27,318 
Se, GUID occ cece cece ec eceees 197 134 132 154 141 149 160 150 142 146 152 137 
sae archon neeeeecnses ee 8,184 6,187 5,593 5,529 5,744 5,763 5,845 6,172 6,239 6,280 5,964 5,678 
Dept. of Health & Human Services............. 5,398 5,825 5,866 6,645 6,928 7,425 7,601 8,434 7,565 8,535 9,099 9,019 
National institutes of Health................., 4,548 5,150 5,185 5,889 6,091 6,384 6,448 6,652 7,070 8,043 8,526 8,523 
Dept. of Housing & Urban Development......... 79 20 16 16 17 17 17 24 21 20 31 32 
 ¥ rr 593 420 401 416 412 445 467 527 522 522 523 509 
enka ketenes eeenseeeenges 196 14 11 22 35 32 65 38 43 45 41 51 
Dept. of Transportation..................5.. 545 464 409 336 307 298 34€ 341 391 469 638 560 
Dept. of Veterans Affairs.................... 195 244 197 215 227 227 215 189 192 194 216 171 
Agency for International Development .......... 220 241 266 224 203 258 311 337 305 311 252 244 
Environmental Protection Agency.............. 489 340 327 348 335 351 375 371 403 405 448 478 
National Aeronautics & Space Administration ..... 4,806 3,777 3,805 4,097 4,593 5,773 6,304 6,858 7,057 7,129 7,780 7,141 
National Science Foundation................. 1,275 1,505 1,449 1,532 1,535 1,653 1,544 1,666 1,640 1,636 1,786 1,854 
Nuclear Regulatory Commission .............. 270 159 127 123 105 106 194 93 99 98 91 87 
Es (. 600s 8os oe ehn beh e6esss 365 259 259 270 256 4 246 263 266 263 254 256 

* = Less than $500,000 vf 


‘See appendix table 4-1 for GDP implicit price defiators used to convert current dollars to constant 1987 dollars. 8 
SOURCE: Science Resources Studies Division, National Science Foundation, Federal Funds for Research and Development, Detailed Histoncal Tables: Fiscal Years 1956-95, NSF 95-319 (Bethesda, MD: Quantum 

Research Corp., 1995); and SRS, Federal Funds for Research and Development: Fiscal Years 1993, 1994, and 1995 (Arlington, VA: NSF. forthcoming). 

See figures 4-12 and 4-13. 
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Appendix table 4-18. 


Estimated Federal obligations for R&D, by selected agency, performer, and character of work: FY 1995 


(page 1 of 2) 
FFRDCs Universities FFRDCs FFRDCs 
Federal industrial § admin. by and admin. by Other acimin. by State and 
Agency Total intramural firms industry colleges U&C nonprofits nor. orofits local govt Foreign 
Millions of doliars 
Total R&D 

Total, all agencies. 69,366 16,724 31,244 1,298 12,097 3,608 2.712 890 561 233 
Dept. of Agriculture 1,397 945 14 , 424 0 8 0 2 3 
Dept. of Commerce. . 1,212 662 436 0 103 1 6 0 5 
Dept. of Defense. . . 34,927 8.160 24,025 82 1,476 316 238 491 4 136 
Dept. of Energy 6,370 678 1,610 1,048 621 1,959 86 346 21 2 
Dept. of Health & Human Services 11,481 2,268 514 128 6,554 86 1,705 16 152 58 
Dept. of the Interior . 631 559 28 40 P 1 0 3 1 
Dept. of Transportation 692 160 255 1 63 5 11 15 181 0 
Environmental Protection Agency. 611 136 223 0 102 0 0 0 150 0 
National Aeronautics & Space Administration 8,585 2.481 3,963 0 736 1,072 300 2 6 25 
National Science Foundation . 2,219 21 111 1 1,816 150 114 ‘ 3 3 
Ail other agencies........................ 1,241 656 65 38 162 20 243 19 33 5 

Basic research 

Total, aliagencies.....- === =e, 14,201 2.720 964 213 7,497 1,422 1,130 8& 114 53 
Dept. of Agriculture....... 661 440 5 0 209 0 5 0 1 2 
Dept. of Commerce.................. been 52 43 1 0 8 ° 4 0 0 0 
Dept. of Defense............. ee ueeenaes 1,244 315 132 , 7393 5 39 , 0 13 
PD ..<<i0 tb eeeebeeecenercecdees 1,665 53 64 164 386 914 10 74 1 
Dept. of Health & Human Services . . . 6.269 1,010 224 49 3,932 57 895 7 65 30 
Dept. of the interior...... ........ 193 172 5 0 14 . . 0 2 0 
Dept. of Transportation........ VeTTTrTier 2 , 0 0 2 0 0 0 0 0 
Environmental Protection Agency... . . ere e 110 25 37 0 6 0 0 0 42 0 
National Aeronautics & Space Administration oa 1,786 498 411 0 510 297 62 1 1 5 
Nationai Science Foundation................. 2,044 19 84 . 1,675 150 110 4 3 3 
PEs 5 oc ccc snccbeccececeesenss 175 144 1 0 16 . 9 6 1 0 

(continued) 
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Appendix table 4-18. 


Estimated Fede:ai obligations for R&D, by selected agency, performer, and character of work: FY 1995 


(page 2 of 2) 
FFRDCs Unriversites FFRDCs FFRDCs 
Federal industrial admin. by and admin. by Other admin. by State and 
Agency Total intramural firms industry colleges U&aC nonprofits nonprofits local govt. Foreign 
Millions of dollars 
Applied research 

Total, aliagencies ...-—-—=-—s—s—s-—s«iwiwswdg css. 13,960 4 880 3,165 422 3,343 804 916 131 253 
Dept. of Agriculture . 654 427 9 ° 212 0 3 0 1 
Dept. of Commerce 860 554 219 0 78 , 3 0 5 . 
Dept. of Defense oan 3,016 1,029 1,462 6 373 74 56 11 . 7 
Dept. of Energy ..... papeseeuets 1,716 251 228 340 184 581 32 99 1 1 
Dept. of Health & Human Services : 3,852 955 207 3 1,964 21 574 7 68 18 
Dept. of the interior . _ peuteeeeenes< 392 351 15 7 23 0 . 0 1 t 
Dept. of Transportation alata iecases< a 308 65 90 1 3% 5 7 1 103 0 
Environmental! Protection Agency. . . . — 305 68 113 0 58 0 0 0 66 0 
National Aeronautics & Space Administration 1,897 816 758 0 143 102 66 ° 1 1? 
National Scrence Foundation 175 1 27 ° 141 ° 4 0 1 ° 
All other agencies 782 364 37 38 130 20 171 13 5 5 

Development 

Total, all agencies. 41,205 9.124 27,114 663 1,257 1,381 666 671 193 136 
Dept. of Agriculture 82 77 0 0 4 0 : 0 ’ 
Dept. of Cormmerce 300 64 216 0 17 1 3 0 0 
Dept. of Defense. 30.664 6,815 22,431 76 363 237 143 480 4 116 
Dept. of Energy . 2.989 374 1,319 545 52 463 44 174 19 1 
Dept. of Health & Human Services 1,360 303 83 42 658 8 236 2 19 10 
Dept. of the Intenor 46 3 8 0 2 0 0 0 0 
Dept. of Transportation 382 95 165 0 25 0 5 14 77 0 
Environmental Protection Agency ae 195 44 73 0 37 0 0 0 42 0 
Nationa! Aeronautics & Space Administration 4.903 1,167 2,794 0 83 673 171 1 4 & 
Nationa! Science Foundation 0 0 0 0 0 0 0 0 0 0 
All other agencies . 284 148 27 ’ 16 : 65 0 28 1 


* = less than $500.000. FFRDC = federally tunded research and development center, UAC = universities and colleges 
SOURCE Scrence Resources Studies Division, National Scrence Foundation. Federal Funds for Research and Development: Fiscal Years 1993, 1994. and 1995 (Arlington. VA: NSF. forthcoming) 
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Appendix table 4-19. 
Federal obligations for R&D, by character of work and performer: FYs 1985-95 


(page 1 of 3) 
Character of work and performer 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 
ee ee i ii. — , 

Total research and development.............. 48,360 51,412 55,253 56,769 61,406 63,667 61,295 65,592 67,314 69,594 69,366 
I ogg ce ccccrcccceceveceses 12,945 13,535 13,413 14,115 15,121 16,002 15,238 15,690 16,556 17,237 16,724 
Industrial firms excluding FFRDCs ............. 21,705 24,201 26,768 26,719 28,548 29,378 26,421 29,745 30,326 31,005 31,244 
FFRDCs administered by industry.............. 1,791 1,697 1,860 1,911 1,960 2,237 2,068 2,010 1,451 1,306 1,298 
Universities and colleges excluding FFRDCs...... 6,340 6,559 7,337 7,828 8,672 9,142 10,169 10,271 11,156 11,969 12,097 
FFRDCs administered by universities ........... 2,816 2,768 3,210 3,474 3,497 3,466 3,604 3,856 3,666 3,490 3,608 
Nonprofit institutions excluding FFRDCs......... 1,699 1,677 1,711 1,683 1,999 2,249 2,637 2,804 2,811 2,991 2,712 
FFRDCs administered by nonprofit institutions... . . 689 551 511 506 522 632 679 746 753 782 890 
State and local government.................. 129 128 148 142 167 214 215 184 320 569 561 
ee ik ited 5 on 4 oa aikie-ecn deen 245 296 296 392 919 345 264 288 272 245 233 

EISEN aig Ee Ee ee 7,819 8,153 8,942 9,474 10,602 11,286 12,171 12,490 13,399 14,043 14,201 
EE EE Ee 1,923 2,019 2,046 2,050 2,371 2,366 2,447 2,397 2,605 2,741 2,720 
industrial firms excluding FFRDCs ............. 380 512 467 597 773 888 950 920 959 1,015 964 
FFRDCs administered by industry.............. 123 118 120 133 167 175 209 188 237 235 213 
Universities and colleges excluding FFRDCs...... 4,039 4,132 4,666 4,868 5,221 5,548 6,065 6,332 6,799 7,324 7,497 
FFRDCs administered by universities ........... 724 724 907 990 1,098 1,228 1,306 1,394 1,438 1,412 1,422 
Nonprofit institutions excluding FFRDCs......... 556 572 658 729 839 924 1,016 1,097 1,165 1,095 1,130 
FFRDCs administered by nonprofit institutions. ... . 12 13 13 18 42 59 81 65 71 78 88 
State and local government.................. 31 31 38 43 ste 50 49 42 72 92 114 
SAE er er ey eer 31 33 29 46 47 48 49 54 53 53 53 

eee e eee ke ae bn ee ae 8,315 8,349 8,998 9,176 10,163 10,453 11,798 12,001 13,491 13,990 13,960 
iis eee ke bd 84 oko 64 4.08 0% 3,133 3,142 3,392 3,288 3,611 3,587 4,093 4,219 4,755 4,905 4,880 
industrial firms excluding FFRDCs ............. 1,694 1,769 1,982 2,046 2,102 2,312 2,457 2,531 3,060 3,175 3,165 
FFRDCs administered by industry.............. 363 365 314 322 353 367 416 405 559 459 422 
Universities and colleges excluding FFRDCs...... 1,688 1,751 1,975 2,155 2,572 2,593 2,803 2,729 3,046 3,286 3,343 
FFRDCs administered by universities........... 697 568 564 575 605 581 855 958 910 775 804 
Nonprofit institutions excluding FFRDCs......... 489 491 550 571 681 738 910 952 876 943 916 
FFRDCs administered by nonprofit institutions. .. . . 85 75 77 65 67 89 90 74 102 122 131 
State and local government.................. 59 60 53 60 78 76 80 67 140 285 253 
REA eres ye eee ee ee ee 107 130 93 94 95 109 94 66 4a 40 44 

ee ed ae aes keke WEN 1a wee 32,226 34,910 37,313 38,119 40,640 41,929 37,327 41,102 40,424 41,560 41,205 
FE ee ee re 7,889 8,375 7,975 8,776 9,139 10,049 8,699 9,074 9,196 9,591 9,124 
industrial firms excluding FFRDCs ............. 19,631 21,921 24,320 24,077 25,673 26,178 23,014 26,294 26,307 26,815 27,114 
FFRDCs administered by industry.............. 1,305 1,215 1,426 1,456 1,440 1,695 1,444 1,417 655 613 663 
Universities and colleges excluding FFRDCs...... 614 675 697 805 879 1,001 1,301 1,211 1,312 1,359 1,257 
FFRDCs administered by universities ........... 1,395 1,476 1,739 1,909 1,794 1,658 1,443 1,504 1,319 1,303 1,381 
Nonprofit institutions excluding FFRDCs......... 654 614 503 383 480 587 712 754 771 952 666 
FFRDCs administered by nonprofit institutions... . . 592 463 421 423 412 484 509 606 580 582 671 
State and local government.................. 40 37 58 39 46 88 86 75 108 193 193 
KT Serer er ee TTT Te Ter eee 107 134 173 251 777 188 121 168 175 153 136 

(continued) 
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Appendix table 4-19. 


Federal obligations for R&D, by character of work and performer: FYs 1985-95 


(page 2 of 3) 

Character of work and performer 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 

em ——— — Millions of constant 1987 dollars* 

Total research and development.............. 51,283 52,948 55,253 54,796 56,752 56,846 52,524 54,614 54,727 55,498 53,856 
CE EE 13,728 13,939 13,413 13,625 13,975 14,288 13,057 13,064 13,460 13,746 12,984 
Industrial firms excluding FFRDCs ............. 23,017 24,924 26,768 25,791 26,384 26,230 22,640 24,767 24,655 24,725 24,258 
FFRDCs administered by industry.............. 1,899 1,748 1,860 1,845 1,811 1,997 1,772 1,674 1,180 1,041 1,008 
Universities and colleges excluding FFRDCs...... 6,723 6,755 7,337 7,556 8,015 8,163 8,714 8,552 9,070 9,545 9,392 
FFRDCs administered by universities ........... 2,986 2,851 3,210 3,353 3,232 3,095 3,088 3,211 2,980 2,783 2,801 
Nonprofit institutions excluding FFRDCs......... 1,802 1,727 1,711 1,625 1,848 2,008 2,260 2,335 2,285 2,385 2,106 
FFRDCs administered by nonprofit institutions... . . 731 567 511 488 482 564 582 621 612 624 691 
State and local government.................. 137 132 148 137 154 191 184 153 260 454 436 
EES a ee 259 305 296 378 849 308 226 240 221 195 181 

ee 8,291 8,397 8,942 9,145 9,799 10,077 10,429 10,400 10,893 11,199 11,026 
nn cn awewceseseeeeces 2,040 2,079 2,046 1,979 2,191 2,113 2,097 1,996 2,118 2,186 2,112 
Industrial firms excluding FFRDCsS ............. 403 527 467 576 714 793 814 766 780 809 748 
FFRDCs administered by industry.............. 130 121 120 128 154 156 179 157 193 187 165 
Universities and colleges excluding FFRDCs...... 4,283 4,256 4,666 4,699 4,825 4,954 5,197 5,272 5,528 5,841 5,821 
FFRDCs administered by universities ........... 768 746 907 956 1,015 1,096 1,119 1,161 1,169 1,126 1,104 
Nonprofit institutions excluding FFRDCs......... 589 589 658 704 775 825 871 913 947 873 877 
FFRDCs administered by nonprofit institutions. .. . . 13 13 13 17 39 53 69 54 58 62 68 
State and local government.................. 32 32 38 42 41 45 42 35 59 73 89 
Ee ee ere ae 33 34 29 44 43 43 42 45 43 42 41 

ES a 8,817 8,598 8,998 8,857 9,393 9,333 10,110 9,993 10,968 11,156 10,839 
EER SSE 3,322 3,235 3,392 3,174 3,337 3,203 3,507 3,513 3,866 3,911 3,789 
industrial firms excluding FFRDCs ............. 1,796 1,822 1,982 1,975 1,943 2,064 2,105 2,107 2,488 2,532 2,457 
FFRDCs administered by industry.............. 385 375 314 311 326 328 356 337 454 366 328 
Universities and colleges excluding FFRDCs...... 1,790 1,804 1,975 2,080 2,377 2,315 2,402 2,272 2,476 2,620 2,595 
FFRDCs administered by universities ........... 739 585 564 555 559 519 733 798 740 618 624 
Nonprofit institutions excluding FFRDCs......... 519 506 550 551 629 659 780 793 712 752 711 
FFRDCs administered by nonprofit institutions... . . 90 77 77 63 62 79 77 62 83 97 102 
State and local government.................. 62 62 53 58 72 68 69 56 114 227 196 
ES bhi Veena ehede ys 4b40060000400600 113 134 93 91 88 97 81 55 36 32 34 

(continued) 
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Appendix table 4-19. 
Federal obligations for R&D, by character of work and performer: FYs 1985-95 


(page 3 of 3) 
Character of work and performer 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 (est.) 1995 (est.) 
Millions of constant 1987 dollars? 

Development......................200005. 34,174 35,953 37,313 36,794 37,560 37,437 31,985 34,223 32,865 33,142 31,991 
Federal intramural'........................ 8,366 8,625 7,975 8,471 8,446 8,972 7,454 7,555 7,476 7,648 7,084 
industrial firms excluding FFRDCs ............. 20,818 22,576 24,320 23,240 23,727 23,373 19,721 21,893 21,388 21,384 21,051 
FFRDCs administered by industry.............. 1,384 1,251 1,426 1,405 1,331 1,513 1,237 1,180 533 489 515 
Universities and colleges excluding FFRDCs...... 651 695 697 777 812 894 1,115 1,008 1,067 1,084 976 
FFRDCs administered by universities........... 1,479 1,520 1,739 1,843 1,658 1,480 1,237 1,252 1,072 1,039 1,072 
Nonprofit institutions excluding FFRDCs......... 694 632 503 370 444 524 610 628 627 759 517 
FFRDCs administered by nonprofit institutions... . . 628 477 421 408 381 432 436 505 472 464 521 
State and local government.................. 42 39 58 38 43 79 74 62 88 154 150 
NG Ait nee nici hea hak Bb ehene ee 113 138 173 242 718 168 104 140 142 122 106 


FFRDC = federally funded research and development center 

NOTE: Data are estimated for 1994 and 1995. 

‘Federal intramural activities cover costs associated with the planning and administration of intramural and extramural programs by Federal personnel and actual intramural performance 
2See appendix table 4-1 for GDP implicit price deflators used to convert current dollars to constant 1987 dollars. 


SOURCE: Science Resources Studies Division, National Science Foundation, Federal Funds for Research and Development, Detailed Historical Tables: Fiiscal Years 1956-95, NSF 95-319 (Bethesda, MD: Quantum 
Research Corp., 1995); and SRS, Federai Funds for Research and Development: Fiscal Years 1993, 1994, and 1995 (Arlington, VA: NSF, forthcoming). 
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Appendix table 4-20. 
Federal R&D obligations for Federal intramural performance, by selected agency: FYs 1980-95 
All 
All other 
agencies Detense Energy NASA HHS USDA Commerce interior agencies 
| Millions of dollars 

1980....... 7,632 3,796 474 965 820 457 226 242 653 
1981....... 8,426 4,281 451 1,044 872 511 237 274 756 
1982....... 9,141 5,139 176 1,166 946 531 242 261 680 
10,582 6,401 258 1,134 1,034 559 252 274 670 
1984....... 11,572 7,257 216 1,043 1,066 589 256 334 811 
0 ee 12,945 8,324 224 1,171 1,147 628 280 342 830 
1986....... 13,535 8,881 206 1,217 1,236 630 285 332 749 
s+ 69 ¢:6-¢ 13,413 8,336 248 1,414 1,293 649 320 355 799 
Saar 14,115 8,880 245 1,335 1,408 694 316 353 883 
nh. 46646 15,121 9,295 248 1,733 1,529 689 325 394 907 
ee 16,003 9,639 307 1,968 1,662 737 336 424 929 
1991....... 15,238 8,157 381 2,112 1,975 824 400 490 900 
are 15,690 8,601 336 2.210 1,783 862 512 513 872 
ee 16,556 8,742 517 2,295 2,033 868 500 522 1,080 
ee 17,237 8,806 626 2,594 2,187 904 564 547 1,010 
Fa 16,724 8,160 678 2,481 2,268 945 662 559 973 
HHS = Department of Health and Human Services; NASA = National Aeronautics and Space Administration; USDA = Department of Agriculture 
NOTES: Intramural activities cover costs associated with the planning and administration of intramural and extramural R&D programs by Federal personnel and 
actual intramural R&D performance. Data are estimated for 1994 and 1995 


SOURCES: Science Resources Studies Division (SRS), National Science Foundation, Federa/ Funds for Research and Development, Detailed Historical Tables. 
Fiscal Years 1956-95, NSF 95-319 (Bethesda, MD: Quantum Research Corp.. 1995) and SRS, Federal! Funds for Research and Development: Fiscai Years 
1993, 1994, and 1995 (Arlington, VA: NSF, forthcoming) 
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Appendix table 4-21. 


Estimated Federal obligations for research, by agency and field of science and engineering: FY 1995 


Math & 
Life Physical Environmental computer Social Other 
Agency Total sciences Psychology sciences sciences sciences sciences sciences Engineering 
— —_—_— —— ~Thousands of dollars 
Total, aliagencies.... .................... 28,161,167 11,609,220 573,731 4,379,108 2,690,286 1,526,033 698,815 1,054,546 5,629,428 
Dept. of Agriculture........................ 1,315,002 1,016,274 649 90,460 12,384 16,811 113,226 3,024 62.174 
Dept. of Commerce........................ 912,348 120,169 325 149,237 252,136 107,567 19,624 40,784 222.506 
Dept. of Defense.......................... 4,262,622 322,510 97,669 613,127 256,327 646,952 13,300 151,617 2,161,120 
Dept. of Education ........................ 137,284 14,202 3,235 0 0 1,267 112,555 0 6,025 
Dept. of Energy .................0202200.4. 3,380,999 269,694 0 1,787,131 400,863 209,530 1,520 37,336 674,925 
Dept. of Health & Human Services............. 10,120,942 8,663,500 395,328 178,427 0 47,581 191,752 537,011 107,343 
Dept. of Housing & Urban Development......... 14,805 0 0 0 0 378 13,424 756 247 
Dept. of the Interior................0.....2.. 584,501 115,679 0 31,656 309,936 14,408 12,662 0 100,160 
eee 22,383 1,250 950 0 0 0 18,711 1,072 400 
Dept. ofLabor ......................... 30,171 0 0 0 0 0 30,171 0 0 
Dept. of State....................2...4... 594 0 0 0 0 0 594 0 0 
Dept. of Transportation..................... 310,327 7,235 29,627 2,727 5,853 24,913 30,896 18,549 190,527 
Dept. of the Treasury ...................... 20,819 160 423 2.170 0 17,340 0 491 235 
Dept. of Veterans Affairs.................... 185,680 171,564 13,421 0 0 0 0 0 695 
Advisory Com. on intergov. Relations........... 1,575 0 0 0 0 0 1,575 0 0 
Agency for International Development .......... 271,350 217,355 0 0 90 3,850 24,745 24,330 980 
Appalachian Regional Commission ............ 900 0 0 0 0 0 980 0 0 
Environmental Protection Agency.............. 415,265 114,800 0 0 177,708 0 0 0 122,757 
Federal Communications Commission .......... 2,231 0 0 0 0 128 325 0 1,778 
Federal Trade Commission.................. 934 0 0 0 0 0 934 0 0 
International Trade Commission............... 12,511 0 0 0 0 0 12,511 0 0 
Library of Congress... .. Perr yr reTrTT Te? 2,068 0 0 0 0 0 0 2,068 0 
National Aeronautics & Space Administration ... . . 3,682,390 169,805 15,255 944 234 797,902 172.658 401 29,926 1,552,209 
Nationa! Archives & Records Administration ...... 120 0 0 120 0 0 0 0 0 
National Science Foundation................. 2,219,039 350,024 16,849 543,926 471,049 262,056 67,994 197,107 310,034 
Nuclear Regulatory Commission .............. 112,329 0 0 0 0 0 0 0 112,329 
Smithsonian Institution ..................... 106,000 41,223 0 28,641 4,903 0 29,806 1,427 0 
Tennessee Valley Authority . . Prrrrerr TT Te 34,745 13,729 0 6,969 1,135 0 572 9,539 2.801 
U.S. Arms Control & Disarmament Agency... ... . 1,050 47 0 283 0 594 126 0 0 
United States Information Agency ............. 183 0 0 0 0 0 0 0 183 


SOURCE. Science Resources Studies Division, National Science Foundation, Federal Funds for Research and Development: Fisca/ Years 1993, 1994, and 1995 (Arlington, VA: NSF, iorthcoming) 
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Appendix table 4-22. 
Federal obligations for basic research, by science and engineering field: FYs 1985-95 


(page 1 of 2) 
Field 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 
eee eee — Millions of current dollars —_——- 
Total, alifields ... «en. 7,819 8.153 8.944 9,474 10,602 11,286 12,171 12,490 13,399 14,043 14,201 
ii es cc eee ee eben 3,787 3,859 4,364 4.502 4,916 5.178 5,434 5,842 6,289 6,674 6,898 
Biological & agricultural, total................. 2,516 2,543 2,870 2,856 3,102 3,219 3,375 3,518 3,788 4,010 4,158 
Biological (excl. environmental) .............. 2,106 2,152 2.462 2,415 2,647 2,742 2.868 2,982 3,222 3,374 3,533 
Environmental biology..................... 126 126 141 147 157 168 187 202 223 280 261 
tree cee haeweeneses eeees 284 266 268 294 298 309 319 334 342 357 365 
Medical sciences, total ..................... 1,145 1,197 1,343 1,573 1,708 1,850 1,858 2,131 2,381 2,537 2,610 
Other life sciences ....................050.. 126 119 151 73 104 109 201 183 120 126 130 
Gnas head e564 heh bOs SOs 0 08t8 0 e081 133 133 147 188 187 215 226 123 247 256 269 
PE. 5 ce vccesadsensccseseoees 1,815 1,914 2.096 2,200 2,506 2,662 2,881 2,951 2,907 2,947 2.900 
Cs <6 snes ceeeeuseaheetsnctaeye¢ 401 453 505 459 525 580 612 730 663 681 677 
ED ks 66006.000-00.0 ee ee 425 433 445 471 505 502 539 557 544 570 590 
ie at eee eeedsbanrenawer 960 1,003 1,072 1,206 1,395 1,474 1,645 1,608 1,601 1,545 1,495 
Other physical sciences..................... 30 25 74 65 82 105 85 58 99 150 138 
Environmental sciences .................... 700 749 781 873 1,017 1.275 1,264 1,304 1,533 1,575 1,526 
Atmospheric science...................2.4.. 209 240 244 281 316 444 449 435 635 650 633 
ete eb chy cen bebo ee s4esuneseeer 250 266 266 267 335 440 499 526 555 563 528 
i ais a he eh ehh 66 C6 hs 04 219 224 250 269 294 300 198 210 207 216 214 
Other environmental sciences ................ 21 19 21 55 72 92 118 132 136 146 151 
Mathematics & computer sciences....._.. 260 293 306 313 346 407 426 481 511 564 583 
Mathematics............. brasetetineres 130 142 158 165 168 176 164 228 222 247 262 
Rs 0K nn oth e556 ht 4006 116 131 129 125 160 225 224 248 284 310 314 
Other mathematics & computer sciences ‘eeue 14 20 20 22 18 5 38 6 5 6 7 
TE. & 4's oo os. obs teh he 6666640004 141 114 130 147 155 146 161 140 194 192 200 
IDL + 660-066-000 4h OaS N48 16 11 12 12 12 13 13 11 10 10 11 
ch ck ceseee ee Oeneedusene 34 26 29 35 38 37 37 39 46 46 52 
Political science.......... 6 4 6 5 5 6 7 6 6 5 5 
is ¢h <p nh066 00406066 00602000004 32 30 34 37 38 24 28 10 11 9 10 
Other social sciences . 52 42 48 58 61 66 76 73 121 122 127 
IE, occ ccncccessbessececesecoces 100 122 131 255 232 302 546 399 510 511 532 
ES 4 9.6.6 006 060 464960606906060008601 884 969 990 1,006 1,184 1,102 1,234 1,250 1,207 1,325 1,286 
EE, «<5 0066464 040S 6EES 6240 Dah EOt 192 226 237 231 328 270 256 245 246 245 215 
Astronautical ................. 42 53 49 48 59 62 70 a4 54 56 46 
ee er 74 73 78 89 50 76 102 105 73 89 84 
MK ode 4505600660086 6 B06 06660600050 44 45 46 46 52 47 59 53 39 46 46 
Electrical....... 145 156 175 154 174 147 142 165 203 245 216 
Ls 0:4 n060600-06bbb 6006s eentnee 88 84 87 84 101 91 116 114 143 150 168 
Metaliurgy & materiais........ see eSbeeesens 212 229 210 230 255 260 295 274 241 288 289 
Other engineering....... TETTTTTTTTT TTT Te 88 103 108 124 166 148 194 199 209 206 223 

(continued) 
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Appendix table 4-22. = 
Federal obligations for basic research, by science and engineering field: Fys 1985-95 & 
(page 2 of 2) ? 
Field 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 
Millions of constant 1987 dollars’ 
Total, aiifieids ... «se 8,291 8,397 8.944 9.145 9,799 10,077 10,429 10,400 10,894 11,199 11,026 
ee a esa gegeiesereneess 4,015 3,974 4,364 4,346 4,543 4.623 4,656 4.864 5,113 5,322 5,356 
Biological & agricultural, total................. 2,668 2.619 2.870 2.757 2,867 2,874 2,892 2,929 3,080 3,198 3,229 
Biological (exci. environmental) .............. 2.234 2.216 2,462 2,331 2,446 2,448 2,458 2,483 2,620 2,690 2.743 
Environmental biology..................... 133 129 141 142 145 150 160 168 181 223 203 
ida sone eee 66ontee see's s 301 274 268 284 275 276 274 278 278 285 283 
Medical sciences, total ..................... 1,215 1,232 1,343 1,518 1,579 1,652 1,592 1,774 1.936 2,023 2,026 
Other life sciences ........ 2.0... eee 133 123 151 70 96 97 172 161 98 100 101 
lets omen ees 6eeeneeesene es 141 137 147 181 173 192 193 102 201 204 209 
Physical sciences..................-.00005- 1,925 1,972 2,096 2,124 2,316 2,377 2.469 2,457 2.364 2,350 2.252 
Tai nen deehneeeenee oeeeeereen 425 467 505 443 485 518 525 608 539 543 526 
CS tire én ceed enone ¥6doenesndeees 451 446 445 455 467 448 462 463 442 455 458 
hh sd cena se ebb eek oeancesheer es 1,018 1,033 1,072 1,164 1,289 1,316 1,410 1,338 1,301 1,232 1,160 
Other physica! sciences..................... 31 25 74 63 76 94 73 48 81 120 107 
Environmental sciences ..................... 742 771 781 843 940 1,138 1,083 1,085 1,247 1,256 1,185 
Atmospheric science........ 2.2... eee eee, 222 248 244 271 292 396 385 362 516 519 491 
DCL is hee detekeeosecentdensesse 265 273 266 258 310 393 428 438 451 449 410 
EE 233 231 250 260 272 268 169 175 168 172 166 
Other environmental sciences ................ 22 19 21 53 67 82 101 110 110 117 117 
Mathematics & computer sciences.............. 276 302 306 302 320 363 365 401 416 449 453 
Chor. se ok k kb 6606 eee onnaées 138 147 158 159 155 157 141 190 180 197 203 
Rs 0 ok a ene enbdndeeses 123 135 129 121 148 201 192 206 231 247 244 
Other mathematics & computer sciences ....... 14 20 20 21 17 4 33 5 4 5 6 
Pe. adcecutdecescenetaneteeees 149 117 130 142 143 130 138 116 158 153 160 
a6 a6.0 60.66.0060 0060046048 6000006 17 12 12 12 11 12 11 4 8 8 4 
TE ink wen 60 0neseseeteeneeeeeeee 36 27 29 34 35 33 32 33 37 37 41 
Political science... eee 6 4 6 5 5 5 6 5 5 4 4 
RL én wie © 606.000 000600686660684 34 31 34 % 35 21 24 8 4 7 8 
Other social sciences ........ 6... cee 56 43 48 56 56 59 65 61 98 97 99 
Other sciences... eee 106 126 131 246 270 270 468 333 415 407 413 
Dh teeectcasestesevecqneeens 938 997 990 971 1,094 984 1,057 1,041 982 1,057 999 
Aeronautical... en, 203 233 237 223 303 241 220 204 200 195 167 
Astronautical 2 eee 44 54 49 46 55 55 60 79 44 44 % 
PE KS eeteercevonscccecbeesecserte 79 75 78 86 46 68 87 87 59 71 65 
Ns 06s ab ou 6 08400060 648608 60086002 46 47 46 44 48 42 51 44 31 % % 
Din. bruadeey deed occeneeveveseeac 154 161 175 149 161 131 122 138 165 196 167 
 .+¢ te anne oo.6gebeeeeeeaeneeeen g4 86 87 81 93 81 99 95 116 120 130 
Metaliurgy & materiails...................... 225 235 210 222 2% 232 252 228 196 230 224 
i +4 006666060666000600064 44 106 108 120 


NOTE. Data are estimated for 1994 and 1995 
‘See appendix tabie 4-1 for GDP implicit pnuc defia’ors used to convert current dollars to constant 1987 dollars 


SOURCES Science Resources Studies Division (SRS), National Science Foundation, Federa/ Funds for Research and Development, Detailed Histoncai Tables Fiscal Years 1956-95. NSF 95-319 (Bethesda. MD Quanturn 
Research Corm.. 1995), and SRS, Federal Funds for Research and Development: Fiscal Years 1993. 1994. and 1995 (Arlington, VA: NSF. forthcoming) 


See figure 4-14 
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Appendix table 4-23. 


Federal obligations for applied research, by science and engineering field: FYs 1985-95 


(page 1 of 2) 

Field 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 
med “Millions of current dollars eines 
Total, alifields .................0........ 8,315 8,349 8,999 9.176 10,163 10,453 11,798 12,001 13,491 13,990 13,960 
i 2,576 2,606 2,980 3,223 3,579 3,660 4,188 4,069 4,483 4,676 4,711 
Biological & agricultural, total................. 1,240 1,318 1,488 1,71& 1,917 1,967 2,223 2,114 2,272 2,352 2,472 
Biological (excl. environmental) ..... adie 779 842 1,041 1,267 1,336 1,403 1,543 1,398 1,508 1,589 1,711 
Environmental biology..................... 135 138 149 154 210 174 273 309 333 349 352 
ew snd as be we ae. 326 338 299 297 371 391 407 406 430 414 409 
Medica! sciences, total ..................... 1,223 1,164 1,324 1,368 1,514 1,533 1,603 1,779 2,024 2,114 2,042 
re cee eeceneceeeen 113 123 168 137 148 160 363 174 188 211 196 
Se re 194 201 222 212 235 234 257 176 304 313 305 
re da a ae oh ee te 1,231 1,155 1,157 1,118 1,199 1,147 1,354 1,488 1,520 1,502 1,479 
Astronomy ..... CS Te er ere 14 15 18 12 17 17 19 9 23 26 20 
EE RRO RE a 225 229 235 232 278 260 290 340 299 346 365 
aa he an 856 803 781 770 795 781 816 971 1,038 931 961 
Other physical sciences. . hind 46s wea ede 135 108 122 103 108 90 229 168 160 199 132 
Environmental sciences ERAT rrr roe 704 733 731 734 756 899 886 904 1,075 1,257 1,164 
gad dalle 277 281 309 307 272 330 354 332 349 421 353 
Geological . 179 178 176 174 208 221 230 209 243 259 295 
a wd wk 179 205 178 191 198 220 201 249 26U 308 275 
Other environmental sciences ................ 69 68 68 62 78 128 102 114 223 269 241 
Mathematics & computer sciences.............. 315 322 334 330 390 434 478 679 714 846 943 
Mathematics 53 42 46 52 68 65 63 90 69 75 89 
Computer sciences Pere res: Tee 164 171 169 167 205 337 361 524 542 631 685 
Other mathematics & computer sciences ........ 97 109 119 110 116 32 53 64 103 141 170 
Social sciences i Bi ac Sat Jick iene eet 319 302 351 339 396 484 566 550 481 516 493 
cL sin Cab Ce Mah ade Gs hy hee eens 2 2 3 2 2 2 3 3 4 5 5 
Economics 125 105 120 125 129 160 150 172 159 167 160 
Political science g 8 6 7 8 7 10 16 23 9 16 
Socioloyy 34 37 40 45 56 92 156 70 66 65 57 
Other social sciences 149 150 183 160 202 223 247 288 230 271 254 
Other sciences 242 261 307 271 350 362 358 409 622 504 523 
Engineering . 2,733 2,770 2,917 2,950 3,258 3,234 3,711 3,727 4,292 4,375 4,343 
Aeronautical 547 549 573 571 659 658 760 630 947 1,051 1,015 
Astronautical 383 474 576 527 619 519 583 536 440 427 3990 
Chemical 180 173 138 169 92 166 203 193 173 187 193 
Civil. . 2 ace iat ota ote ek ek 173 158 159 169 178 270 246 277 213 329 294 
ts ei ee ee ee es hg ee tl ak 482 518 611 577 669 493 7 594 678 538 608 
Mechanical... . ee POTT ee 179 153 146 157 157 177 220 223 324 235 253 
Metallurgy & materials...................... 227 217 152 227 266 294 415 454 454 518 517 
a6 CK 5 66444 48:60:08 6908 OK 563 529 562 553 619 657 696 822 1,062 1,091 1,072 
(continued) 
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Appendix table 4-23. 


Federal obligations for applied research, by science and engineering field: F¥s 1985—95 


(page 2 of 2) 

Field 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 
Millions of constant 1987 doliars' 

Total, alifieldgs ........................... 8,817 8,598 8,999 8,857 9,393 9,333 10,109 9,992 10,969 11,156 10,839 
TT 2,732 2,683 2,980 3,111 3,308 3,268 3,589 3,388 3,645 3,729 3,657 
Biological & agricultural, total................. 1,315 1,358 1,488 1,658 1,772 1,756 1,905 1,760 1,847 1,876 1,920 
Biological (excl. environmental) .............. 826 867 1,041 1,223 1,235 1,253 1,323 1,164 1,226 1,268 1,329 
Environmental biology..................... 143 142 149 149 194 155 234 258 271 278 274 
Ee 345 348 299 287 343 349 349 338 350 330 318 
Medical sciences, total) ..................... 1,297 1,199 1,324 1,320 1,399 1,369 1,373 1,481 1,645 1,686 1,586 
Other life sciences ........................ 120 127 168 132 137 143 311 145 153 168 152 
Nr 206 207 222 205 217 209 220 146 247 250 237 
oo | 1,305 1,189 1,157 1,079 1,108 1,024 1,160 1,239 1,236 1,198 1,148 
2. setae ee had dees eakeent 4% 5 i6 18 i2 16 15 17 8 19 21 16 
cia sane ens soe b-enees GUReeAntES 239 236 235 224 257 232 248 283 243 276 283 
a 908 827 781 743 735 697 699 808 844 743 746 
Other physical sciences..................... 143 111 122 99 100 80 196 140 130 159 103 
Environmental sciences ..................... 747 754 731 708 699 803 759 753 874 1,002 904 
Atmospheric science....................... 294 2389 309 296 251 295 303 276 284 336 274 
ee sb ekennnn eed aneeeseedeees 190 184 176 168 192 197 197 174 197 207 229 
Ee : 190 212 178 184 183 196 172 207 212 245 214 
Other environmental sciences ................ 73 70 68 60 72 114 87 95 182 214 187 
Mathematics & computer sciences.............. 334 332 334 319 360 388 409 565 581 675 732 
Ee re 57 43 46 50 63 58 54 75 56 60 69 
Competes @clenees.................22200ee 174 176 169 161 189 301 310 436 440 503 532 
Other mathematics & computer sciences ........ 103 112 119 106 107 29 45 54 84 112 132 
er 339 311 351 327 366 432 485 458 391 412 382 
ES ee a 2 2 3 2 2 2 3 3 3 4 4 
ik ie i ed de Ee a oo wes awl 133 108 120 121 119 143 129 143 129 133 124 
RE oy 9 8 6 7 7 6 9 13 19 7 13 
ee ei ee. betes sew ened &4 36 38 40 43 52 82 133 59 53 52 44 
Cetin GOGIN GOIONOSS .. we eee 158 155 183 154 187 199 212 240 187 216 197 
So i ed bce eh bd oben ks64 257 269 307 262 323 323 307 340 506 402 406 
nt aks 4 eesa kee eenees ka cesess 2,899 2,853 2,917 2,847 3,011 2,888 3,180 3,103 3,489 3,489 3,372 
SE a ae 580 566 573 551 609 588 651 524 770 838 788 
NS 65 60 cet ka teh eth oae'.0e st tahe 406 489 576 509 572 463 500 446 358 341 303 
Ee a ees ee Pn ee 191 178 138 163 85 148 174 160 140 149 150 
Ee ee ee ee ee 183 163 159 163 165 241 211 231 173 263 228 
Sn. bed ks onedtadindas eens O08 511 534 611 557 618 440 503 494 552 429 472 
A te chee. £4 eke eRe Os hed Os 190 158 146 152 145 158 188 186 264 187 196 
Metallurgy & materials...................... 241 223 152 219 246 263 356 378 369 413 401 
I ee 597 544 562 534 572 567 597 684 863 870 833 


NOTE: Data are estimated for 1994 and 1995. 


‘See appendix table 4-1 for GOP implicit price deflators used to convert current dollars to constant 1987 dollars. 


SOURCES: Science Resources Studies Division (SRS), National Science Foundation, Federal Funds for Research and Develoment, Detailed Historical Tables: Fiscal Years 1956-95, NSF 95-319 (Bethesda, MD: Quantum 


Research Corp., 1995); and SRS, Federal Funds for Research and Development: Fiscal Years 1993, 1994, and 1995 (Arlington, VA: NSF, forthcoming). 


See figure 4-14. 


“i” 


Science & Engineering Indicators — 1996 


¢ Ovl 


sejqe| xipueddy vy xipuaddy 


Yn 


Science & Engineering Indicators — 1996 ¢ 141 


Appendix table 4-24. 
Federal R&D obligations to federally funded research and development centers, by administering sector and selected 
agency: FYs 1980-95 
(page 1 of 2) 
All All other 
agencies Defense Energy NASA agencies 
Millions of dollars — 
FFRDCs administered by universities and colleges 
tt atcrcdevbhéan o¢6eeeesoewesaneee 1,533 149 1,185 97 102 
DNS 5640064060460 600006069204 000R 1,791 186 1,400 79 126 
bd: cs2te¢b:o bee 66s boven ede chee 1,977 226 1,439 183 129 
ee 2,394 388 1,564 305 136 
PP ST TTT ere TTT TTT Tree e 2,486 262 1,714 350 160 
yee ree err rere ee 2,816 306 1,848 512 150 
12502 02kb0605%00045040404% 2,768 285 1,797 542 143 
i oet aude was o$enk eased enene es 3,210 737 1,839 475 158 
i . é0n8 beeen 40.00 04400024 0 ORO 3,474 829 1,945 560 141 
is 6 a0 0060063 4065 65900004,0u005 3,497 686 2,033 630 148 
ian ede 660400 4540600000 200% 3,466 658 2,020 619 168 
Sls ab.6-¢0260 004 e4aketasniacsans 3,604 637 2,072 736 159 
Se eee eee ee 3,856 668 2,227 791 169 
bi <¢.h 6s seenedeteeetedeaee weds 3,667 545 2,205 685 232 
a ee ee 3,490 379 2,072 816 224 
TC i> ne.aiedote esas 40eees.0 bier 3,608 316 1,959 1,072 261 
FFRDCs administered by industry 
aha 666 catahhdeed 040440 eb ba 1,408 92 1,166 0 150 
is436 tebe we 600s eaeeee 044048 1,414 105 1,155 0 154 
24 b4564 90066 RNs 6040600000849 1,506 148 1,194 0 164 
FRPP ETT CO PeTerTTerTrr eT TT 1,501 129 1,218 0 154 
ee errr ree Te 1,608 110 1,365 0 134 
th 255% ehR Ee on ee 4080 0464 CRESS 1,791 125 1,549 0 117 
PN 6666 00-0 OO00 % 6-06006040000088% 1,697 146 1,455 0 96 
PPPS TCTETPTCTTTTCT TT TT 1,860 325 1,475 0 61 
 Orrrrrre ee rrerreeyT Trt ry tte 1,911 316 1,536 0 60 
Ds i O04 04 bee 00656 690060946008 2,056 309 1,588 0 160 
DRE Ute ¢ teen oe 6003 000060058 R68 2,327 419 1,718 0 190 
eS er ere er eee re ee ee 2,168 316 1,690 0 162 
Serer ery eer rr re rere y? ys 2,117 335 1,607 0 175 
TVS CTT TETECECCLTTTITT TS 1,451 202 1,094 0 156 
DR ct¢ce abNUe es 6040040040000 002 1,306 93 1,060 0 153 
PPT TUTTT TTT TCT ETT 1,298 82 1,048 0 168 
FFRDCs administered by nonprofit institutions 
NC +t Fone th050200900000)004004 442 255 172 1 15 
DP Achbes o8US 060-600 0460006040008 525 319 184 1 22 
LS ¢nkbeedteeens 0960000 6006008 521 385 114 0 21 
beech 6O4600000060000060008009 581 466 92 0 22 
— SIPFPVT TT eT TTTTTCCrrriTTrt 597 473 104 0 19 
PRR PTST TT TITTerr Terris 689 551 118 1 19 
Dek tee ees 6006064000446466R004 551 436 102 1 13 
c+ i65 600 606046600040600000008 511 400 96 1 14 
Cs 5494 60040 4009006660000%4 506 397 91 1 16 
hei: ¢60d0s0-9)040066000500004 522 391 107 3 20 
ei) s86b6G006 4 040000066606008 632 416 157 2 57 
SECT TS ee ee Tee TTT Terre ST 679 442 186 2 4a 
rrr rr ere errr Te Ter yyy es 746 534 163 2 47 
Lives spawewns ceecaseenenause 753 492 222 2 37 
hottie ¢es0669446000004604680%0 782 460 270 2 49 
60404 6080 OOO 600000 006080045 890 491 346 2 51 
(continued) 
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Appendix table 4-24. 
Federal R&D obligations to federally funded research and development centers, by administering sector and selected 
agency: FYs 1980-95 


(page 2 of 2) 
All All other 
agencies Defense Energy NASA agencies 
a - Millions of dollars -—-_-_-__—_- -—--__ ---—- —_-—_--_—_---— 
Total 

Dé itch ecdekeddeanend tte eags 44 3,383 496 2,523 98 267 
PFT ere Te TT Tere Tere 3,730 610 2,739 80 302 
Re re eer 4,004 760 2,746 183 315 
nb 2.86 be bend4oebhbeeesseates 4,476 984 2,874 306 312 
ies wabnn'sen eset aesnne nae 4,691 845 3,183 351 313 
ih sce ae e6 40008" + e60beennaeee 5,296 982 3,515 513 286 
iis ethane 6.4647 6000s ekeens 5,016 866 3,354 543 252 
Ee ee 5,580 1,462 3,410 476 233 
Dt Mc e ptegeneaukeen beens aear 5,891 1,541 3,572 560 217 
Ph ttt totes eeeeeeenenys 4aeesss 6,075 1,386 3,728 633 328 
ith) i.e ceeeenebeteedevankes 6,425 1,494 3,895 622 415 
Ee ee re eee 6,451 1,396 3,948 738 369 
 cct -eheneedee 0804680400894 6,718 1,537 3,996 793 392 
ee ee eee 5,871 1,239 3,521 688 424 
EE ee ee ee eee 5,578 933 3,402 818 426 
eT ee 5,796 889 3,353 1,075 480 


FFROC = federally funded research and development center; NASA = National Aeronautics and Space Administration 
NOTE: Data are estimated for 1994 and 1995. 


SOURCES: Science Resources Studies (SRS) Division, National Science Foundation, Federa/ Funds for Research and Development, Detailed Historical Tables: 
Fiscal Years 1956-95, NSF 95-319 (Bethesda, MD: Quantum Research Corp., 1995); SRS, Federal Funds for Research and Development: Fiscal Years 1993, 1994, 
and 1995 (Arlington, VA: NSF, forthcoming). 
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Appendix table 4-25. 
Federal obligations for research and development to federally funded research and development centers, by individual FFRDC and agency: FY 1993 


(page 1 of 2) 


Total 


FFRDCs administered by industrial firms 
Energy Technology Engineering Center 
idaho National Engineering Laboratory 
NCI Frederick Cancer R&D Center 
Oak Ridge National Laboratory 
Sandia National Laboratory 
Savannah River Laboratory 


FFRDCs administered by universities & colleges . . . . 
Ames Laboratory 
Argonne National Laboratory 
Brookhaven National Laboratory 
Continuous Electron Beam Accelerator Facility . . . . 
Fermi National Accelerator Laboratory 
Institute for Advanced Technology 
Jet Propulsion Laboratory 
Lawrence Berkeley Laboratory 
Lawrence Livermore National Laboratory 
Lincoin Laboratory 
Los Alamos National Scientific Laboratory 
National Astronomy & lonosphere Center 
National Center for Atmospheric Research 
National Optical Astronomy Observatories 
National Radio Astronomy Observatory 
Oak Ridge Institute for Science & Education... ... 
Princeton Plasma Physics Laboratory 
Software Engineering Institute 
Stanford Linear Accelerator Center 


“eee ee eee eee ee ee 


“eee eee eee enenee 


“see eee eeeenne 


*¢e686 6808 


5,871,234 


1,451,325 
14,288 
68,452 

107,112 


~ 
oooo09co © Oo 


~ ~ 
oo°eo 


Tiieseses 


a 
ooocoonooo°o 


Energy HHS 
Thousands of dollars 
3,521,099 200,504 
1,093,849 107,979 
13,766 0 
49,243 0 
0 107,112 
230,352 867 
692,976 0 
57,512 0 
2,204,925 77,780 
26,862 0 
262,351 0 
194,533 4,148 
28,780 0 
167,777 0 
0 0 
0 0 
147,022 9,998 
582,607 2,137 
11,128 53,814 
530,564 6,918 
0 0 
0 0 
0 0 
0 0 
15,785 765 
105,948 
0 


9661 — ssojeoipu BuyeeulbuzZ FP eDUEeIDS 


eri « 


Appendix table 4-25. 


Federal obligations for research and development to federally funded research and development centers, by individual FFRDC and agency: FY 1993 


(page 2 of 2) 
Other 
FFRDC Total Commerce Defense Energy HHS NASA NSF agencies 
Thousands of dollars 

FFRDCs administered by other nonprofit institutions’ . 753,411 0 492,113 222,325 14,745 2,198 330 21,700 
Aerospace Corporation..................... 153,102 0 150,708 201 0 2,065 128 0 
EO oe 15,140 0 15,140 0 0 0 0 0 
C3! Federal Contract Research Center.......... 188,068 0 187,878 0 0 0 190 0 
Center for Advanced Aviation System Development . . 36,300 0 30,642 0 0 0 0 5,658 
Center for Naval Analyses................ ies 45,464 0 45,464 0 0 0 0 0 
Center for Nuclear Waste Regulatory Analyses . . . . 4,983 0 0 0 0 0 0 4,983 
Critical Technologies institute ................ 600 0 600 0 0 0 0 0 
Inhalation Toxicology Research Institution........ 8,052 0 0 7,185 793 0 0 74 
institute for Defense Analyses................ 48,575 0 48,575 0 0 0 0 0 
Logistics Management Institute ............... 3,928 0 3,928 0 0 0 0 0 
National Defense Research institute.....,...... 8,396 0 2,470 0 5.926 0 0 0 
National Renewable Energy Research Laboratory” . 111,304 0 890 110,414 0 0 0 0 
Pacific Northwest Laboratories................ 125,659 0 4,133 104,525 8,026 133 12 8,830 
RE 1,685 0 1,685 0 0 0 0 0 
Tax Systems Modernization institute ........... 2,155 0 0 0 0 0 0 2,155 


447 


FFROC = federally funded research and development center; HHS = Department of Health & Human Services: NASA = National Aeronautics & Space Administration 


SOURCE: Science Resources Studies Division, National Science Foundation, Survey of Federal Funds for Research and Development: Fiscal Years 1993, 1994, and 1995 (Arlington, VA: NSF, forthcoming) 


‘This category inciudes nonprofit institutions other than universities and colleges. 
“in September 1991, the name was changed from Solar Energy Research Institute. 
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Appendix table 4-26. 

Federal obligations for research and development to federally funded research and development centers, by individual FFRDC: FYs 1987-93 

(page 1 of 2) 

FFRDC 1987 1988 1989 1990 1991 1992 1993 

——Thousands of dollars— a ——— 

Total, all FFROCs......................... 5,580,231 5,890,825 6,075,331 6,398,286 6,451,491 6,718,142 5,871,234 

FFRDCs administered by industrial firms .......... 1,859,963 1,911,314 2,056,329 2,326,808 2,168,256 2,117,033 1,451,325 
Bettis Atomic Power Laboratory’ .............. 383,460 350,859 358,097 331,506 334,486 318,395 0 
Energy Technology Engineering Center ......... 20,284 14,746 10,470 9,364 16,270 13,231 14,288 
Hanford Engineering Development Laboratory’... . 98,289 94,020 93,045 98,048 13,722 9,765 0 
idaho National Engineering Laboratory.......... 117,743 104,112 120,067 173,208 175,143 134,220 68,452 
Knolis Atomic Power Laboratory'.............. 245,258 291,615 311,642 290,513 317,818 361,461 0 
NCI Frederick Cancer R&D Center............. 6,854 13,600 110,285 143,961 114,380 123,696 107,112 
Oak Ridge National Laboratory ............... 236,553 249,570 277,707 422.146 292,433 291,305 319,357 
Sandia National Laboratory.................. 703,904 732,811 670,551 704,925 736,940 801,367 883,304 
Savannah River Laboratory.................. 47,618 59,981 104,465 153, 136 167,064 63,593 58,812 

FFRDCs administered by universities & colleges ..... 3,209,624 3,473,924 3,497,050 3,449,838 3,603,818 3,855,467 3,666,498 
Pe hihi ne he eee hebanes4nes 15,812 17,657 17,588 19,527 26,906 24,808 26,992 
Argonne National Laboratory................. 187,063 200,871 211,732 249,181 254,080 256,434 273,859 
Brookhaven National Laboratory .............. 180,802 195,112 214,837 202,992 222,755 217,953 212,759 
Continuous Electron Beam Accelerator Facility ... . 7,050 9,225 10,817 17,479 23,366 23,597 28,780 
Fermi National Accelerator Laboratory .......... 136,650 145,475 160,462 157,947 158,883 166,220 168,117 
institute for Advanced Technology ............. 0 0 0 1,579 2,548 7,078 13,873 
Jet Propulsion Laboratory ................... 483,964 678,811 771,362 698,709 797,629 963,504 741,535 
Lawrence Berkeley Laboratory................ 120,459 122,226 142,641 240,242 146,705 160,124 169,294 
Lawrence Livermore National Laboratory ........ 877,401 905,311 779,275 652,888 815,470 802,136 705,261 
i i. ssh eee kee knn sees ¢ 261,262 223,643 207,930 210,322 199,104 190,266 291,842 
Los Alamos National Scientific Laboratory........ 645,046 665,812 655,138 627,304 603,461 623,077 637,417 
National Astronomy & lonosphere Center........ 5,814 6,752 6,187 7,337 6,051 7,347 7,766 
National Center for Atmospheric Research ....... 42,165 40,824 46,560 46,200 49,315 54,564 55,897 
Nationa! Optical Astronomy Observatories ....... 23,958 23,005 24,028 24,413 25,740 28,510 27,545 
National Radio Astronomy Observatory ..... ‘ba 16,375 17,300 18,457 28,516 30,636 35,315 29,215 
Oak Ridge institute for Science & Education...... 11,561 13,539 12,600 26,550 15,942 21,716 16,993 
Princeton Plasma Physics Laboratory........... 89,938 89,717 90,066 89,487 87,713 109,719 106,097 
Software Engineering institute................ 13,992 18,937 17,870 33,674 22,396 29,025 21,688 
Stanford Linear Accelerator Center............. 90,312 99,707 109,500 115,491 115,118 134,074 131,568 

(continued) 
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Appendix table 4-26. 
Federal obligations for research and development to federally funded research and development centers, by individual FFRDC: FYs 1987-93 


(page 2 of 2) 
FFRDC 1987 1988 1989 1990 1991 1992 1993 
Thousands of dollars 

FFRDCs aGmurustered by other nonprofit institutions 510,644 505,587 521,952 621,640 679,417 745,642 753,411 
Aerospace Corporation... .................. 97,792 71,232 67,832 115,547 97,701 223,686 153,102 
ET Ee ea 0 0 0 356 22,769 18,131 15,140 
C3i Federal Contract Research Center.......... 192.651 234,259 227,152 163,641 183,220 156,896 188,068 
Center for Advanced Aviation System Development. 0 0 0 21,863 17,813 35,410 36,300 
Center for Naval Analyses................... 34,316 34,990 34,694 38,046 48,121 42,493 45,464 
Center for Nuclear Waste Regulatory Analyses . . 0 0 1,625 2,635 3,287 3,040 4,983 
Critical Technologies institute ............. 0 0 0 0 0 0 600 
inhalation Toxicology Research institution........ 0 0 8.210 7,704 7,524 7,516 8,052 
institute for Defense Analyses ................ 27,691 33,326 41,124 54,628 44,229 49,378 48,575 
Logistics Management institute ............. ;, 1,608 2,013 1,145 36,328 3,341 2,045 3,928 
National Defense Research institute............ 17,152 15,819 21,427 7,375 25,849 23,634 8.396 
National Renewable Energy Research Laboratory’ . 52,401 47,632 50,889 60,849 72,558 77,847 111,304 
Pacific Northwest Laboratories................ 66,734 66,316 67,622 112,373 130,585 105,566 125,659 
aie nia nn 0 nnn 60060008 20,299 0 232 95 22,400 0 1,685 
Tax Systems Modemization institute ........... 0 0 0 0 0 0 2,155 


‘The Department of Energy decertified Bettis Atormc Power Laboratory, Hanford Engineering Development Laboratory, and Knolis Atormc Power Laboratory as FFRDCs in October/November 1992 
in September 1991, the name was changed from Solar Energy Research Institute 


SOURCE: Scence Resources Studies Division, National Science Foundation, Survey of Federal Funds for Research and Development Fiscal Years 1993, 1994, and 1995 (Arlington, VA NSF, forthoormng). 
and special tabulations 
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Appendix table 4-27. g 
Geographic distribution of U.S. R&D expenditures, by performer and source of funds: 1993 o 
(page 1 of 2) 3 
| 
United Federal industry Universities & colleges U&C Non- | 2 
States Govt. Sources FFRDCs profits 5 
Total Total Total Sources Total Federal Nonfed. All Total Total 3 
Geographic area used used' used? Federal Govt. Industry® used‘ Govt. govt. industry U&C other used° used® | 2 
ior A rl — ~— — 2 
a 165,849 16,556 118334 22,813 95,521 19,911 11,957 1,559 1,374 3,552 1,469 5,298 5,750 | 8 
$s 
New England..................... 13,656 730 10,092 2,311 7,781 1,718 1,171 38 138 203 167 355 761 | ’ 
Connecticut.................... 2,809 53 2,373 419 1,954 365 221 10 18 81 35 0 18 oz 
Maine..........-.0000..- ee, 114 13 59 D D 25 9 2 4 10 0 0 7 #@|§ 
Massachusetts.................. 9,468 384 6,952 1,878 5,074 1,076 770 15 103 69 118 355 701 | 
New Hampshire................. 438 89 248 D D 99 68 6 5 12 9 0 2 
eee eee 484 185 176 12 164 103 72 3 3 23 2 0 20 
i a Sid ht et 343 6 284 D D 50 32 3 5 8 3 0 3 | 
oi nn ie 6 ig eed yaw tine 28,435 994 23,693 2,912 20,781 2,029 1,898 132 232 445 231 445 364 | 
New Jersey.................... 9,182 509 8,162 378 7,784 374 166 37 26 116 29 116 20 | 
nn bs oo ceeseniaw ear 10,975 131 8,820 1,392 7,428 1,546 1,055 76 88 179 148 293 185 | 
Pennsylvania................... 8,278 354 6,711 1,142 5,569 1,019 677 20 118 149 54 35 159 | 
i a a oe a 23,010 8,034 10,692 3,078 7,614 3,621 2,224 307 281 643 166 63 600 | 
i ate in ag 6 60.4 1,247 i2 1,181 24 1,157 53 26 4 5 14 4 0 1 | 
District of Columbia .............. 2,543 1,713 540 21 519 145 100 1 10 18 15 0 145 
ea ak circa oe ak ek 3,526 608 2,425 970 1,455 489 268 32 41 120 29 0 4 
ee di ia 1,577 159 860 63 797 547 273 39 52 168 15 0 11 
aise ee bee kt a am 7,442 4,010 2,076 1,287 789 1,147 847 93 48 125 34 0 209 
NS ae oi 2,745 174 1,929 16 1,913 605 378 74 70 64 19 0 37 
NS i ee ed ea a 713 38 495 D D 178 73 16 14 53 22 0 2 
Ee oe i oda ol aes bk eee 2,939 1,227 1,087 595 492 403 227 46 37 67 26 35 187 
«base oh eee od a's ae 280 93 100 D D 55 32 2 4 14 3 28 4 
cs Oe ee ee la 3,935 1,099 1,966 865 1,101 787 452 86 63 134 51 11 72 
a ae a we a ee Ble 1,967 833 833 406 427 281 161 27 24 48 21 0 20 
ee oe a ee eee elas 429 16 289 7 282 122 56 6 14 41 6 0 2 
nae tae 0:6 ab 0b Re 325 163 52 D D 106 55 22 10 11 8 0 4 
I ial ia ain ont a kw a ho ine 1,214 87 792 D D 278 180 31 16 34 16 11 46 
eee i ee ae ahaa 4 8,269 586 5,547 658 4,889 1,889 861 268 123 436 201 5 242 
es eae sl 301 41 185 D D 74 25 24 7 15 3 0 1 
ee 470 43 170 D D 255 96 ba 17 61 17 0 2 
ia bs ce Gl a Sid 533 34 311 2 309 173 56 22 10 67 16 0 15 
hale a a tee hie bw bi 5 6,966 468 4,882 640 4,242 1,387 683 158 90 293 164 5 224 
Ee 28,352 877 23,830 1,642 22,188 2,786 1,572 220 181 548 264 649 210 
ee ere 6,768 83 5,242 236 5,006 748 424 4é 45 170 64 649 46 
0 ee eT 2,560 77 2,177 D D 303 168 21 23 66 26 0 3 
s+ 5 ceebhn ad Pete ce 0 os 10,778 96 9,924 153 9,771 700 377 40 47 172 64 0 58 
Th? (6b bbwes «O40 6 bse 60044 6,395 583 5,144 1,030 4,114 591 348 46 48 86 62 0 77 
Cc nse btn ce bee 66n4 OO 1,851 38 1,343 D D 444 255 68 19 54 48 0 26 e 
va 
ad eae ak cielo aie naan aera lina: TS ern ae 
(continued) 
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Appendix table 4-27. 
distribution of U.S. R&D expenditures, by performer and source of funds: 1993 


(page 2 of 2) 

United Federal industry Universities & colleges U&C Non- 
States Govt. Sources FFRDCs profits 

Total Total Total Sources Total Federal Nonfed. All Total Total 

Geographic area used used’ used? Federal Govt. industry’ used‘ Govt. govt. industry U&C other used® used® 
A oer 

0 ea ee ee 6,518 198 4,816 816 4,000 1,341 642 \94 90 331 oe 37 126 
er 902 30 533 D D 299 145 38 18 81 17 37 3 
ho 0255 eeu eennss. S64 463 12 292 a 245 154 60 37 8 6 0 5 
es 0-0 '00004.0060009260 404 2,922 40 2,458 378 2,080 332 175 50 22 65 21 0 92 
0 eee 1,789 51 1,375 D D 345 191 19 31 78 25 0 18 
a 295 25 128 14 114 136 38 40 9 36 13 0 6 
+ «+ oe o6. eae soad 0048 91 27 9 D D 54 25 2 2 ye) 2 0 1 
ae 58 13 22 D D 22 9 10 0 2 1 0 1 
Ee 8,820 1,161 5,013 1,651 3,362 1,233 718 81 89 273 72 1,223 189 
i eb iedhs eenadanbens 1,608 206 1,042 298 Jad 311 150 6 19 113 23 40 9 
CC eee ee ee 2,864 170 2,111 252 1,859 331 222 18 ye) 42 26 99 153 
Ns ote 666640800440 CRONE 477 37 391 D D 49 17 13 7 11 1 0 0 
i + 04654660 %6%624604%6 85 22 14 D D 48 21 9 3 14 0 0 1 
int. 66.68 0600660496 060% 218 71 67 D D 79 43 - 5 25 1 0 1 
PEED, o wo cceceecceseceees 2,752 504 962 D D 187 113 14 19 29 12 1,084 15 
bcs a6 <b ce cebeneeseeeuetn 753 141 411 51 360 196 137 13 9 29 8 0 5 
+ «<beteeeeeseceseeage 63 10 15 D D 33 15 4 2 11 1 0 5 
ting ied dedeeee O40 24 0eeeeee 40,427 2,039 31,971 8,393 23,578 3,174 2,160 186 146 475 207 2,499 744 
i++ «£244 oepn0ene 640006049 130 48 14 D D 67 42 3 5 17 0 0 1 
DN, <-sn+4.06666064406084005 33,721 1,785 26,541 7,463 19,078 2,380 1,630 112 99 368 171 2,499 516 
iC chen we se hens taeneke ks 380 42 255 D D 74 41 27 0 3 2 0 9 
Dich avnin extenawnhisds’ 774 51 471 32 439 226 135 30 9 34 18 0 26 
Ds 96:0 64-6560 2040040" 8-2 5,422 113 4,689 891 3,798 428 312 14 34 52 16 0 192 
er 4,427 838 714 487 227 422 259 oy 31 63 24 11 2,442 


D = withheld to avoid disclosing operations of individual companies; FFROC = federally funded research and development center; U&C = universities and colleges 
‘Total funds used by the Federal Government are from Federal sources. 


2industry totals include R&D performed by industry-administered FFRDCs. Totals for the following states are more than 50 percent imputed: Delaware, District of Columbia, Kansas, Louisiana, Missouri, Washington, and West 
Virginia. Totals for the following states were estimated by NSF: Maine, Montana, New Mexico, and Vermont. 


3industry R&D support to industry performers include all nonfederal sources of funds. 
“For universities and colleges, funds distributed by state and region are for doctorate-granting institutions only. 
‘includes R&v expenditures of university-associated FFRDCs, of which 99 percent were from Federal sources. 


®For the nonprofit sector, funds distributed by state and region include onty Federal obligations to organizations in this sector, including associated FFROCs. Estimated nonfederal support to the nonprofit sector 
is included in “other/unknown.” 


SOURCE: Science Resources Studies Division, National Science Foundation, various surveys, special tabulations. 
See figure 4-15. 
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Appendix table 4-28. 
R&D performance, gross state product, technology support, and R&D/GSP ratios, by state: 1993 
State Cooperative 
Gross Technology 
Total R&D state product’ Program? R&D/GSP ratio 
—_—_—WMillions of dollars —_____—_ Percent 

Alabama.................. 1,967 80,775 1.15 2.4 
Alaska ................... 130 25,716 8.50 0.5 
Arizona .................- 1,608 78,153 0.25 2.1 
Arkansas ................. 301 44,726 1.51 0.7 
Ds cxecccccsesevess 33,721 786,408 5.19 4.3 
Colorado ................. 2,864 88,632 3.41 3.2 
Connecticut ............... 2,809 100,316 27.50 2.8 
Delaware................. 1,247 25,555 3.59 4.9 
District of Columbia.......... 2,543 41,590 NA 6.1 
Florida................... 3,526 282,481 12.60 1.2 
re 1,577 162,110 29.88 1.0 
Mawaeli...................- 380 34,078 4.61 1.1 
idaho................20.. 477 22,916 0.73 2.1 
DE oc ccacecceeneceseses 6,768 303,341 0.60 2.2 
er 2,560 126,443 5.90 2.0 
is anno 4tesewaneserer 902 58,702 2.35 1.5 
Pitas o00<eeneeeeenees 463 56,832 11.10 0.8 
Kentucky ................. 429 78,044 1.12 0.6 
Louisiana................. 470 95,219 2.65 0.5 
Ks) 6-00.00 600004 000004 114 24,710 1.64 0.5 
tits 4-09 6400-2 a 7,442 120,020 12.68 6.2 
Massachusetts............. 9,468 167,140 5.05 5.7 
eer 10,778 213,354 14.10 5.1 
Minnesota ................ 2,922 111,951 5.48 2.6 
Mississippi................ 325 46,171 0.08 0.7 
EP 1,789 114,458 1.85 1.6 
DE teceeceveceeeects 85 16,756 2.97 0.5 
PD + css uwneene sees s 295 38,226 8.98 0.8 
ee 218 39,683 0.00 0.5 
New Hampshire ............ 438 26,312 0.65 1.7 
New Jersey ............... 9,182 229,104 20.30 4.0 
New Mexico............... 2,752 33,791 1.26 8.1 
Ds ssc ecceeceece ees 10,975 504,037 22.88 2.2 
North Carolina ............. 2,745 169,153 37.45 1.6 
ED oc ccccccseceese 91 12,478 1.78 0.7 
ine ee 6,395 249,133 27.48 2.6 
Oklahoma................. 533 61,482 6.69 0.9 
b+ Suon en 6600 e e848 774 66,354 0.44 1.2 
Pennsylvania .............. 8,278 273,046 34.07 3.0 
Rhode Island .............. 484 22,116 0.00 2.2 
South Carolina ............. 713 72,771 1.80 1.0 
South Dakota.............. 58 15,981 3.70 0.4 
Tennessee................ 1,214 114,257 0.15 1.1 
Te i¢.500004646000%004 6,966 430,973 30.26 1.6 
id £6.56 56902366000002 753 37,607 4.29 2.0 
CD, + 540606¢.0¢66648668% 343 12,210 0.20 2.8 
Ph 2 ¢0sseseeesneeess 2,939 160,411 10.40 18 
Washington ............... 5,422 129,569 3.35 42 
West Virginia .............. 280 31,550 0.00 0.9 
Wisconsin................. 1,851 113,142 1.57 1.6 
ee ee 63 13,569 0.35 0.5 


GSP = gross state product; NA= not applicabie 


‘Gross state product data for 1993 are estimated here, based on changes in employee compensation and proprietors’ income 
between 1992 and 1993, as reported by the Bureau of Economic Analysis. 


‘State cooperative technology program budgets are for 1994. 


SOURCE: Science Resources Studies Division, National Science Foundation, Nationa! Patterns of R&D Resources: 1994, 
NSF 95-304 (Arlington, VA: NSF, 1995); SRS, 1995 data update: and C. Coburn (ed.) Partnerships: A Compendium of State and 
Federal Cooperative Technology Partnership (Columbus, OH: Battelle, 1995). 


See figures 4-15 and 4-16 
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Appendix table 4-29. Z 
Federal R&D funding, by budget function: FYs 1980 and 1985-1996 ri 
1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 
ET a (in ese. oe aapaeemeammadias eee 
ake bss 6 oe 6454 hte eke ends 29,739 49,887 53,249 57,069 59.106 62,115 63,781 65898 68398 69,884 68,331 70,309 70,503 
National defense ...................... 14,946 33,698 36,926 39,152 40,099 40665 39,925 39,328 40,083 41,249 37,764 38,518 37,571 
a ee ee 3,694 5,418 5,565 6,556 7,076 7,773 8,308 9,226 10,055 10,280 10,993 11,356 11,785 
Space research and technology............ 2,738 2,725 2,894 3,398 3,683 4,555 5,765 6,511 6,744 6,988 7,414 7,874 7,863 
General science.....................-.. 1,233 1,862 1,873 2,042 2,160 2,373 2,410 2,635 2,659 2,691 2,712 2,843 3,011 
EE a 3,603 2,389 2,315 2,115 2,155 2,436 2,726 2,953 3,153 2,677 2,873 2,856 3,069 
Natural resources and environment ......... 999 1,059 1,062 1,133 1,160 1,255 1,386 1,582 1,688 1,802 1,865 2,067 2,208 
Transportation .....................-.. 887 1,030 917 908 896 1,064 1,045 1,231 1,523 1,703 1,888 1,865 1,984 | 
I el il i ei a oo 4 0005 0 585 836 815 822 882 907 950 1,052 1,155 1,152 1,193 1,179 1,187 
Education, training, ernployment, 
and social services.................... 468 220 248 267 285 347 374 433 365 348 373 371 415 
international affairs..................... 125 210 211 223 224 279 375 378 371 382 254 288 224 | 
Veterans benefits and services ............ 126 193 183 215 195 212 216 219 245 250 265 265 271 | 
Commerce and housing credit............. 101 114 111 110 122 128 140 178 192 220 380 633 729 
Community and regional development ....... 119 50 59 37 79 57 67 88 95 57 68 74 83 
Administration of justice ................. 45 47 41 4g 51 45 Eel 51 51 49 46 54 55 
Income security ....................... 47 21 14 25 23 27 33 30 37 36 45 67 45 
Generali government........... err rtre 22 17 14 17 17 15 17 S - 1 0 0 0 
. Millions of constant 1987 dollars’ 
ne akin wee Gea snes 5 aneseeeseer 42,123 52,902 54,839 57,069 57,052 57,408 56,947 56468 56,951 56,816 54,539 54608 53,193 
National defense ....................-.. 21,170 35,735 38,029 39,152 38,706 37,583 35,647 33,700 33,375 33,536 30,115 29,905 28,334 
ahs ieee neo oho 8 04 44e 5,232 5,745 5,731 6,556 6,830 7,184 7,418 7,906 8,372 8,358 8,766 8,817 8,888 
Space research and technology............ 3,878 2,890 2,980 3,398 3,555 4,210 5,147 5,579 5,615 5,681 5,912 6,113 5,930 
ie das the eebeeeeeaeenet 1,746 1,975 1,929 2,042 2,085 2,193 2,152 2,258 2,214 2,188 2,163 2,207 2,271 
EE ee 5,103 2,533 2,384 2,115 2,080 2,251 2,434 2,530 2,625 2,176 2,291 2,217 2,314 
Natural resources and environment ......... 1,415 1,123 1,094 1,133 1,120 1,160 1,238 1,355 1,405 1,465 1,487 1,605 1,665 
i ee ee iad beeen eee 68 1,256 1,092 944 908 865 983 933 1,055 1,268 1,385 1,506 1,448 1,496 
ee eet a a eee oe oat 829 887 839 822 851 838 848 901 962 937 951 915 895 
Education, training, employment, 
ee 663 233 255 267 275 321 334 371 304 283 297 288 313 
international affairs..................... 177 223 217 223 216 258 335 324 309 311 203 224 169 
Veterans benefits and services ............ 178 205 188 215 188 196 193 188 204 203 211 206 204 
Commerce and housing credit............. 143 121 114 110 118 118 125 153 160 179 303 491 550 
Community and regional development ....... 169 53 61 37 76 53 60 75 79 46 54 57 63 
Administration of justice ................, 64 50 42 49 49 42 39 44 42 40 37 42 41 
TE / heh e060 6006000006600 67 22 14 25 22 25 29 26 31 29 3% 52 37 
Es «+0 0606004644'46006% 31 18 14 17 16 14 15 3 3 1 0 0 0 > 
NOTE: Data for 1980-94 are actual budget authority. Data for 1995 and 1996 are estimates based on the FY 1996 budget. 
‘See appendix table 4-1 for GDP implicit price deflators used to convert current dollars to constant 1987 dollars. 
SOURCES: Science Resources Studies Division, Nationa! Science Foundation, Federa/ R&D Funding by Budget Function: Fiscal Years 1994-96 (Arlington, VA: NSF, forthcoming). 
See figure 4-20. + 
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Appendix table 4-30. 


Federal basic research funding, by budget function: FYs 1980 and 1985-96 


Function 1980 1985 1986 1987 1988 1989 1990 1991 1992 1983 1994 1995 1996 
__ (a a e————————eeeeees_ 
Se er ry ee 4,716 7,810 8,193 9,021 9,553 10,648 11,288 12405 12973 13440 13,548 13,809 14,311 
thn ntin ncn cceeectages eanhonneteseseess 1,761 3,243 3,324 3,851 4,087 4,413 4,661 5,021 5,506 5,700 5,889 6,088 6,312 
I ene cniens cc egeeses 144nsees 1,152 1,779 1,795 1,942 2,061 2,265 2,306 2,526 2,532 2,553 2,542 2,658 2,816 
Space research and technology.................. 482 498 737 843 fas 1,099 1,389 1,479 1,499 1,588 1.796 1,697 1,682 
National defense.....................-2-220-4.-- 552 856 960 900 905 965 964 1,188 1,147 1,323 1,174 1,234 1,221 
it aed se ccesehanagdhnnnesenens $e4eesess 200 428 456 511 571 703 761 878 $21 917 921 967 1,069 
il iia learns enn g bet iesees 246 406 390 397 428 433 456 486 528 553 567 559 569 
Natural resources and environment............... 136 206 204 206 210 331 336 389 383 376 224 222 237 
ahi eee amnansesees 79 255 184 231 197 287 242 246 266 238 220 156 161 
Education, training, employment, & soc. svcs. ..... 61 86 83 78 83 92 106 115 118 121 145 152 156 
Commerce and housing credit................... 15 23 26 26 28 29 31 39 35 a 38 44 49 
Veterans benefits and services .................. 14 15 15 17 17 16 16 16 16 16 16 16 17 
Administration of justice......................2.. 9 4 5 8 8 7 9 6 5 5 5 6 6 
Community and regional development............ 8 6 6 4 7 3 3 10 11 10 9 9 12 
General government. ....... 0... 0.0... eee e ee ~ “ 5 - 5 3 3 0 0 0 0 0 0 
international affairs.........................005. 0 oy 5 3 3 3 ~ 6 6 8 2 1 1 
income security... ... 2. ee eee eens 1 0 0 0 0 0 0 0 0 0 0 0 0 
eam EEK KKKK = ———= Millions Of constant 1987 dollars’ ein anime 
ns i ettnd ne paneeeubenesskenatheaateeseeenaes 6,680 8,282 8,438 9,021 9,221 9,841 10,079 10630 10802 10927 10,804 10,721 10,793 
echt ditiins xn ohms 6509s55S4S0deeR 64500004 2,494 3,439 3,423 3,851 3,945 4,079 4,136 4,299 4,585 4,634 4696 4,727 4,760 
a ianne nesnnnnenseesesereeeees 1,632 1,887 1,849 1,942 1,989 2,093 2,046 2,163 2,108 2,076 2.027 2,064 2,124 
Space research and technology.................. 683 528 759 843 911 1,016 1,232 1,266 1,248 1,291 1432 1,318 1,268 
ns ac cgngcctasheueedeseseseet ee 782 908 989 900 874 892 855 1,017 955 1,076 936 958 921 
i thinnesessedes aetebieaidadehesene 283 454 470 511 551 650 675 752 767 746 734 751 806 
Nias ain h eee ans ene e edness 348 431 402 397 413 400 405 416 440 450 452 434 429 
Natural resources and environment............... 193 218 210 206 203 306 298 333 319 306 179 172 179 
I tt a di he ewes ses 112 270 189 231 190 265 215 211 221 193 175 121 121 
Education, training, employment, & soc. svcs. ..... 86 91 85 78 80 85 94 98 98 98 116 118 118 
Commerce and housing credit................... 21 24 27 26 27 27 28 33 29 28 30 34 37 
Veterans benefits and services .................. 20 16 15 17 16 15 14 14 13 13 13 12 13 
Administration of justice... .. 2.2.2... eee e 13 4 5 a 8 6 8 5 4 4 4 5 5 
Community and regional development............ 11 6 6 S 7 3 3 9 9 8 7 7 9 
TL <6 d0ndnneeed esse sees eceeess - + 5 4 5 3 3 0 0 0 0 0 0 
i. i ceebnengeesececengeeouees 0 4 5 3 3 3 4 5 5 7 2 1 1 
nena a hehe miceedndehe eed beens 1 0 0 0 0 0 0 0 0 0 0 0 0 


— = less than $500,000 


‘See appendix table 4—1 for GDP implicit price defiators used to convert current dollars to constant 1987 dollars 


NOTE: Data for 1980-94 are actual budget authority. Data for 1995 and 1996 are estimates based on the FY 1996 budget request 
SOURCES: Science Resources Studies Division, National Science Foundation, Federal R&D Funding by Budget Function: Fiscal Years 1994—96 (Arlington, VA: NSF. forthcoming) 


Ih 


Science & Engineenng indicators - 1996 


9661 — ss0jeo1pu BuveeuibUZ ¥ e2Ue19g 


Si ¢ 


152 ¢ | | Appendix A. Appendix Tables 


Appendix table 4-31. 
National support for health R&D, by performer and source of funds: 1984-94 
Sector 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 
GI ccoseccsecenes 12,160 13567 14898 16933 19,003 20918 23,095 25886 29240 31,032 32,919 
Source of funds 
Government.......... 6,883 7,669 7,924 9,028 9726 10629 11416 12435 13,660 14,108 14537 
Federal ............ 6,087 6,791 6,895 7,847 8,431 9,163 9,791 10,602 11,726 12,051 12,341 
tithe aneececees 4,257 4,828 5,005 5,852 6,292 6,778 7,136 7,696 8,407 9.763 10,340 
ADAMHA’.......... 340 378 396 478 555 696 892 974 1,159 - - 
State andlocal....... 798 878 1,029 1,182 1,295 1,466 1,625 1,833 1,833 2,054 2,196 
0 ... 4771 5,360 6,192 7,105 8,438 9.407 10,719 12,361 14.397 15,711 17,106 
Private nonprofit... ... . 506 538 782 800 839 882 960 1,090 1,183 1,215 1,276 
Howard Hughes? ..... 79 51 247 183 179 197 215 250 258 251 262 
Performer 
Government.......... 1,997 2,140 2,155 2,388 2,590 2,577 2,863 2,994 3,388 3,496 3,601 
Federal............ 1,741 1,869 1,848 2,042 2,214 2,162 2,403 2,480 2,838 2,916 2,987 
State andlocal....... 256 270 307 346 378 415 460 514 550 580 614 
industry’ ............ 4.221 4,668 5,297 6,004 6,933 7,903 8880 10,217 11,743 12,810 13,970 
Higher education®...... 4,270 4,839 5,315 6,049 6,574 7,202 7,697 8,697 9,280 9.640 10,031 
Private nonprofit? ... . .. 976 1,115 1,157 1,352 1,462 1,777 1,877 2,048 2,506 2,606 2,705 
ss 697 805 975 1,140 1,443 1,459 1,779 1,930 2.323 2,479 2,612 
Biomedicai R&D 
price index‘... ..... 0.867 0.911 0.949 1.000 1.050 1.106 1.166 1.222 1.276 1.320 1.371 
Millions of constant 1987 dollars*® 
eee 14025 14892 15699 16933 18098 18913 19807 21,183 22915 23,509 24,011 
Source of funds 
Government.......... 7,939 8.418 8,350 9,028 9,263 9,610 9.791 10,176 10,705 10,688 10,603 
Federal... ...... . 7,021 7,454 7,266 7,847 8.030 8.285 8,397 8.676 9,190 9,130 9,001 
NIK... 0.2. ........ 4910 5.300 5,274 5,852 5,992 6,128 6,120 6,298 6,589 7,396 7,542 
ADAMHA'.......... 392 415 417 478 529 629 765 797 908 ~ - 
State andlocal...... 920 964 1,084 1,182 1,233 1,325 1,394 1,500 1,515 1,556 1,602 
industry............. 5,503 5,884 6,525 7,105 8,036 8,505 9.193 10,115 11,283 11,902 12,477 
Private nonprofit....... 584 591 824 800 799 797 823 892 927 920 931 
Howard Hughes...... 91 56 260 183 170 178 184 205 202 190 191 
Performer 
Government... .. .. 2,303 2.349 2,271 2,388 2,467 2,330 2,455 2,450 2,655 2,648 2,627 
Federal . . .. 2,008 2,052 1,947 2,042 2,109 1,955 2,061 2,029 2,224 2,209 2,179 
State andiocal....... 295 296 323 346 360 375 395 421 431 439 448 
Industry r | 4 869 5,124 5,582 6,004 6,603 7,146 7,616 8,361 9,203 9.705 10,190 
Higher education...... 4,925 §,312 5,601 6,049 6,261 6,512 6,601 7,117 7,273 7.303 7,317 
Private nonprofit -.. 1,126 1,224 1,219 1,352 1,392 1,607 1,610 1,676 1,964 1,974 1,973 
Foreign an 804 884 1,027 1,140 1,374 1,319 1,526 1,579 1,821 1,878 1,905 


NIH = National institutes of Health, ADAMHA = Alcohol. Drug Abuse, and Mental Health Administration, — = not applicable 
NOTE: Data are estimated for 1993 and 1994 


‘Due to reorganization within the Department of Health and Human Services, the Alcohol, Drug Abuse, and Mental Health Administration ceased to exist as of October 
1992. and its research and development functions are reported with the National institutes of Health data beginning with 1993 


°For Howard Hughes Medical institute, figures are for the direct conduct of biomedical research and exclude support for scientific career development. Figures for 
1985 include only eight months of operations due to a change in the fisca! year 


‘includes expenditures for federally funded research and development centers administered by organizations in the respective sectors 

“The biomedical research and development pnce index used here differs from the GDP implicit price deflator detailed in appendix table 4-1 

° See appendix table 4-1 for GDP implicit pnce defiators used to convert current dollars to constant 1987 dollars 

SOURCE National inst‘tutes of Health. US. Department of Health and Human Services, N/H Data Book (Washington, OC. NIH, annual senes) 


See figure 4-21 
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Appendix tabie 4-32. 
Distribution of government R&D budget appropriations, by socioeconomic objective: 1992, 1993, or 1994 
Country (year of coverage) _ 
United United 
States Japan Germany France Kingdom italy Canada 
Objective (1994) (1994) (1993) (1993) (1994) (1993) (1992) 
i , , . 
DD cpubeeenssoentebenednsenene 68,331 18,099 14,991 13,716 8,669 8,042 3,370 
~~ --_—_—--fieegent———--- _—_. — - - — —-— —--—______ —_ - 
Agriculture, forestry, and fishing ... . . . 25 35 27 3.9 52 27 12.2 
industrial development............. 0.6 3.7 12.7 7.0 8.0 16.3 9.5 
ns iis oneeeginegesees 42 20.5 43 3.9 1.1 40 5.5 
i iin e 0 ¢ 29 1.9 1.6 06 18 0.7 48 
Transport and telecommunications . . . 28 15 05 NA 0.3 NA 3.6 
Urban aad rural planning.......... 0.1 0.3 1.1 NA 15 NA 12 
Environmental protection ........... 08 0.5 3.7 1.3 2.0 25 2.1 
RE i aed ain een 16.5 3.0 3.3 45 72 6.1 78 
Social development and services ..... 1.1 1.1 25 0.8 2.7 3.3 2.1 
Earth and atmosphere............. 14 12 28 1.1 19 09 3.5 
Advancement of knowledge ......... 4.0 512 51.4 31.9 21.9 46.4 35.0 
Advancement of research ......... 40 9.1 142 17.8 49 89 14.3 
General university funds .......... - 42.1 37.2 14.1 17.0 37.5 20.7 
i Es Bet Knee eg os 10.9 75 38 10.1 3.1 64 96 
i a ae www as 55.3 6.0 8.5 33.5 445 6.5 6.2 
Not eisewhere classified............ 0.0 0.0 0.7 1.4 0.5 42 1.8 


NOTES. Percentages may not add to 100 because of rounding. US data are based on budget authority. Because of general university funds and sight differences in 
accounting practices, the distribution of government budgets among socioeconomic objectives may not compietely reflect the actual distribution of government-funded 
research in particular fields. Japanese data are based on science and technology budget data, which include items other than R&0. Such items are a smaill propor. 
ton of the budget. therefore. the data may stili be used as an approximate indicator of relative government emphasis on R&D by objective. 
‘Conversions of foreign currencies to U.S. dollars are caiculatec . ‘th OECD purchasing power parity exchange rates. (See appendix table 4-2.) 


SOURCES. Nationa! Science Foundation, Scence Resources Studies, Federa/ R&D Funding by Budget Function: Fiscal Years 1994-96 (Arlington. 
VA. NSF. forthcoming), Organisation for Economic Co-operation and Development, Main Science and Technology indicators data base (Paris, June 1995). 
See figure 4-22 
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Appendix table 4-33. 
international R&D expenditures and R&D as a percentage of GDP: 1981-95 
United United 
States Japan Germany’ France Kingdom Italy Canada 
Total R&D expenditures 
Billions of constant 1987 dollars’ 
1981........ g14 28.7 20.3 14.1 14.7 58 44 
ee 95.5 30.9 20.8 15.1 NA 6.0 47 
1983 ........ 102.3 33.5 212 15.5 14.4 64 48 
1984........ 111.2 35.9 216 16.4 NA 7.0 52 
1985 ........ 120.6 40.0 23.7 17.0 15.6 8.0 5.6 
1986. ..... 123.3 40.6 24.4 172 18.1 82 5.9 
1967 ........ 125.4 43.4 26.0 17.9 16.8 8.9 6.0 
1988 ........ 128.0 46.9 26.9 18.7 17.3 9.5 6.1 
1989........ 130.0 51.3 27.9 19.8 17.6 99 62 
1990 ........ 134.1 55.5 28.2 21.0 18.0 10.6 66 
1991. ....... 136.4 572 30.2 21.2 16.5 10.9 6.7 
1992 ........ 136.3 58.0 31.0 219 17.6 11.3 6.7 
re 134.4 56.3 30.2 21.0 17.4 10.7 6.7 
1994........ 134.3 NA NA NA NA 10.2 69 
1905 ........ 132.1 NA NA NA NA NA NA 
R&O expenditures as a percentage of GOP 
1981 ....... 24 2.1 24 2.0 24 09 12 
1982 25 2.2 25 2.1 NA 09 14 
1983 ........ 26 2.3 25 2.1 22 1.0 14 
in odie ¢ 27 24 25 22 NA 1.0 14 
is 6eesees 28 2.6 27 23 2.3 1.1 14 
1986 28 2.6 2.7 22 2.3 1.1 15 
1987 ........ 28 26 29 23 22 12 14 
1988 27 2.7 29 23 22 12 14 
1989 27 28 29 23 22 12 14 
1990 ........ 2.7 29 28 24 22 1.3 15 
1991 ..... 28 29 26 24 22 13 15 
te eees 2.7 28 25 24 2.2 1.3 1.5 
1993 26 2.7 25 24 22 1.3 15 
1994. ...... 25 NA NA NA NA 12 15 
1995 24 NA NA NA NA NA NA 
Tote! R&C expenditures 
Millions of constant 1990 national currency’ 

1981... - 101.8 6,267.4 473 104.1 99 9,258.6 6.4 
i oe¢ééees 106.7 6,743.1 48.6 1114 NA 9,582 2 69 
1983........ 114.4 7,316.2 495 114.9 96 10,198.0 70 
1984........ 124.9 7,886.0 50.7 121.6 NA 14,1122 78 
1985 ‘wen 135.8 8,802.9 55.8 126.5 10.6 12,737.7 83 
1986 : 139.2 6,947.5 57.4 128.6 1.1 13,1643 8.7 
1987 . | 141.7 9,573.8 61.4 133.7 11.3 14,263.5 88 
1988 .. 144.4 10,345.7 63.4 139.6 11.7 15.1786 as 
1989 146.9 11,324.6 65.9 148.1 12.0 15,9318 91 
1990 . - 151.5 12,2775 66.9 157.2 12.2 17,0012 97 
1991 . : 154.5 12,670.5 71,7 157.9 11.6 17,530.9 98 
1992 Senn 1547 12,549.3 70.7 159.4 11.7 17,476.2 99 
er : 152.7 12,175.7 70.0 158.1 12.0 17,2645 10.0 
a 152.6 NA NA "NA HA 16,478.7 103 


GOP = Gross Domestic Product, NA = not evailatie 


NOTE: Total R&0/GOP ratios for Russia are estimated by Irina Dezhina (1994) at 3.4 percent for 1985, 3.6 for 1990, 2.4 for 1991, and 0.9 for 1992. Russia's Center 
for Science Research and Statistics (1995) caiculated RAD/GOP ratios using CECD standards at 2.03 for 1990, 1.54 for 1991, 0 78 for 1992, and 0.81 for 1993 


‘Germany's data for 1981-90 are for West Germany 


*Conversions of foreign currencies to U S dollars are calculated with OECD purchasing power parity exchange rates Consiant 1987 dollars are based on U S 
Department of Commerce calendar year GOP implicit pnce defiators (See appendix table 4-1 ) 


‘Constant foreign currencies are based on defiation with each countnes’ GOP implicit pnce defiators 


SOURCES Science Resources Studies Division, National Science Foundaton, National Patterns of R&0 Resources 1994, NSF 95-304 (Arlington, VA NSF. 1995). 
SRS, 1995 data update. Organisation for Economic Co-operation and Development, Main Science anc Technology indicators data base (Paris. June 1995) | Deztwna 
Financing Russian Science. Searctung for Flexibility Occasional papers of the Georgetown University Russian Area Studies Program. No 7 (Washungton. OC 
September 1994). and Center for Science Research and Statistics, Russian Science and Technology at a Glance 1994 (Moscow. 1995) 
See figure 4-10 
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Appendix table 4-34. 
international nondefense R&D expenditures and R&D as a percentage of GDP: 1981-95 
United United 
States Japan Germany’ France Kingdom Italy Canaca 
: . ———————- Billions of constant 1987 doliars* 
Total nondefense R&D expenditures’ 

1961. oa 68.2 28.7 19.6 112 114 5.7 43 
1982 n° ewer 68.9 30.6 20.1 12.1 NA 59 46 
1983 ha 722 33.3 20.4 128 11.1 62 47 
1964 ee 78.0 35.7 20.8 13.5 NA 6.7 5.0 
1985 | | 83.3 39.7 22.7 14.1 12.4 75 55 
1986 r 845 403 23.4 14.1 14.7 78 58 
1987 : 85.6 43.0 249 146 13.8 85 58 
1988 :, 89.1 465 25.7 15.2 146 8.9 59 
1989 Tre 93.8 50.8 26.7 16.3 149 94 6.0 
1990 100.1 55.0 26.9 16.9 15.3 10.2 63 
1991 105.8 56.7 23.0 175 14.0 10.5 6.5 
1992 107.0 57.4 29.8 18.5 15.1 10.9 6.5 
1993 — - 105.6 55.6 23.3 NA 49 104 NA 
1994 eed 107.5 NA NA NA NA NA NA 
1995 cea 106.4 NA NA NA NA NA NA 


1981 1.77 2.12 234 1.57 1.84 0.85 1.20 
1982 1.83 2.21 2.44 1.66 NA 0.88 13s 
1983 ; 1.85 2% 2.43 1.74 1.69 0.92 1.31 
1984 ' 1.88 241 2.42 1.82 NA 0.96 134 
1985 4 1.95 2.56 2.60 1.87 1.80 1.07 1.39 
1986 4 2.54 2.61 184 1.85 1.08 1.42 
1987 TPT 1 89 2.61 2.75 1.85 1.83 1.14 1.37 
1988 ae Oe 1.89 2.65 2.74 1.85 1.84 1.15 1.33 
1989 : 1.94 2.77 2.75 1.92 1.85 1.18 1.32 
1990 ses 2.04 2.87 2.63 1.95 1.90 1.26 141 
1991 7? 2.17 2 84 2.51 1.99 1.83 1.27 1.47 
1992 2.15 2.77 2.40 2.04 1.87 1.27 147 
1993 2.05 2.69 240 NA 1.87 1.26 NA 
1994 2.01 NA NA NA NA NA NA 
1995 194 NA NA NA NA NA NA 


GDP = Gross Domestic Product, NA = not evailable 
‘Germany s data for 1981-90 are for West Germany 
*Constamt 1987 dollars are based on US Department of Commerce calendar year GOP implicit pnce defiators (See appendix table 4-1 ) 


‘Nondefense R&D expenditures are total AaD expenditures—generally as reported by the R&D performers (see appendix table 4—28)—mwnus the percentage of govern- 
ment RAD funds for defense purposes (see append table 4-34)—generally taken from national budget documents. that «s. as reported by the R&D funders 
Conversions of foreign currencies to US dollars are calculated with Organisation for Economic Co-operation and Development purch: sing power parity exchange 
rates (See appendix table 4-2) 


SOURCES Science Resources Studies Division. National Science Foundation, Nationa! Patterns of R40 Resources. 1994, NSF 95-304 (Arlington, VA NSF 1995). 
SRS. 1995 data update unpublished tabulations, and Organisation for Economic Cooperation and Development. Main Science and Technology indicators Gata base 
(Pans, June 1995) 


See figure 4-19 


Science & Engineering indicators - 1996 


156 ¢ Appendix A. Appendix Tables 


Appendix table 4-35. 
international R&D expenditures, by performing sector and source of funds: 1993 


Sources of R&D funds 


Percent 
Higher Private distribution, 
R&D performer Total! industry Government education nonprofit Abroad performers 
Billions of yen 
Japan,total............. 12,735 9,344 2,490 793 97 12 100.0 
iis cree seenee 9,053 8,904 127 0 13 10 71.1 
Government............ 1,279 32 1,247 0 0 0 10.0 
Higher education......... 1,785 67 922 792 3 0 14.0 
Private nonprofit......... 618 341 194 1 80 2 49 
Percent distribution, sources. . 100.0 73.4 19.6 6.2 0.8 0.1 
Millions of deutsch marks 
Germany, total........... 78,345 47,055 29,065 0 390 1,835 100.0 
ith wish oe 4 Hee n 52,400 45,925 4,825 - 150 1,500 66.9 
Government............ 11,875 110 11,450 ~ 170 145 15.2 
Higher education......... 13,730 960 12,590 - - 180 17.5 
Private nonprofit......... 340 60 200 - 70 10 0.4 
Percent distribution, sources . . 100.0 60.1 37.1 0.0 0.5 2.3 
Millions of francs 
EE is 0 cn we kg 168,277 76,878 74,542 739 1,396 14,723 100.0 
is ieee oeeeeee 4 105,833 73,615 19,420 23 51 12,725 62.9 
Government............ 34,040 1,957 30,567 33 13 1,470 20.2 
Higher education......... 26,155 948 24,250 554 19 384 15.5 
Private nonprofit......... 2,249 358 305 129 1,312 144 1.3 
Percent distribution, sources. . 100.0 45.7 44.3 0.4 0.8 8.7 
Millions of pounds 
United Kingdom, total ..... 13,752 7,161 4,446 104 430 1,611 100.0 
ee ee ee 9,069 6,542 1,129 - - 1,398 65.9 
Government............ 1,893 203 1,599 4 51 36 13.8 
Higher education......... 2,266 176 1,556 100 283 151 16.5 
Private nonprofit......... 524 240 162 - 96 26 3.8 
Percent distribution, sources. . 100.0 52.1 32.3 0.8 3.1 11.7 
Billions of lire 
ee 20,269 10,116 9,305 0 0 848 100.0 
PR ¢iobstetereters 11,752 9,848 1,198 - - 705 58.0 
Government............ 4,361 72 4,224 - - 65 21.5 
Higher education......... 4,156 196 3,883 ~ - 78 20.5 
Private nonprofit......... - ~ - - - 0.0 
Percent distribution, sources. . 100.0 49.9 45.9 0.0 0.0 42 
Millions of dollars 
Canada,total............ 10,496 4,476 4 484 210 266 1,060 100.0 
CE £660¢6s5000¢e8 5,673 4,101 545 - - 1,027 54.0 
Government............ 1,895 37 1,853 - - 5 18.1 
Higher education......... 2,791 309 2,046 210 206 20 26.6 
Private nonprofit......... 137 29 40 - 60 8 1.3 
Percent distribution, sources. . 100.0 42.6 42.7 2.0 2.5 10.1 
— = Assumed negligible or no data available 
‘Data for France are for 1992. 
SOURCE: Organisation for Economic Co-operation and Development, unpublished tabulations 
See figure 4-17. 
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Appendix table 4-36. 
R&D expenditures in the United States, by performing sector and domestic and foreign source of funds: 1980, 1987, and 1993 
Sources of R&D funds Ramen 
Higher Private distribution, 
R&D performers Total industry Government education nonprofit Foreign performers 
— — Millions of dollars —- ——_—_— —— —_—— 
Total 1993 expenditures.... 165,849 86,052 60,224 5,111 2,869 11,593 100.0 
indusiry................ 118,334 83,928 22,813 - - 11,593 71.4 
Government ............ 16,556 - 16,556 - - - 10.0 
Higher education ......... 25,209 1,374 17,255 5,111 1,469 - 15.2 
Other nonprofit........... 5,750 750 3,600 - 1,400 - 3.5 
Percent distribution, sources. . 100.0 51.9 36.3 3.1 1.7 7.0 
Total 1987 expenditures.... 125,376 58,146 57,913 3,192 1,628 4,497 100.0 
Industry................ 92,155 56,906 30,752 - ~ 4,497 73.5 
Government ............ 13,413 = 13,413 - - ~ 10.7 
Higher education ......... 16,358 790 11,548 3,192 828 - 13.0 
Other nonprofit........... 3,450 450 2,200 - 800 - 2.8 
Percent distribution, sources. . 100.0 46.4 46.2 2.5 1.3 3.6 
Total 1980 expenditures... . 62,610 29,395 29,461 1,334 903 1,517 100.0 
el in eae 4% 4 4 44,505 28,959 14,029 - - 1,517 71.1 
Government ............ 7,632 - 7,632 ~ - _ 12.2 
Higher education......... 8,323 236 6,350 1,334 403 ~ 13.3 
Other nonprofit........... 2,150 200 1,450 - 500 - 3.4 
Percent distribution, sources. . 100.0 46.9 47.1 2.1 1.4 2.4 


— = Assumed negligibie or no data available 
NOTE: Foreign sources represent funding from companies in the United States with foreign ownership of 50 percent or more. 


SOURCES: Science Resource Studies Division, National Science Foundation, Nationa/ Patterns of R8O Resources: 1994, NSF 95-304 (Arlington, VA: NSF, 1995); 
and Bureau of Economic Analysis. unpublished tabulations. 
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Appendix table 4-37. 
Number of strategic technology alliances, by selected technology: 1980-94 


information New 
Total’ Biotechnology technologies materials 

0 PPP i. 136 58 66 12 
a eee 156 46 95 15 
a SPP eee 200 71 107 22 
RPP rerr 210 45 133 32 
1984...... coupe 296 73 200 23 
19% ...... err 386 132 201 53 
Fee 405 120 212 73 
a SPP eres 404 126 212 66 
SNe 6.6.0004¢6008 402 115 239 48 
i eceees joene 355 78 233 44 
DE ees escteoesen 287 34 222 31 
a errr 264 34 212 18 
Fee 355 82 240 33 
i See 399 117 226 56 
s+ oo20b00046.4 489 174 277 38 


includes international and intra-national company agreements in biotechnology, information technologies. 
and new materials. 


SOURCE: John Hagedoorn, Maastricht Economic Research Institute on Innovation and Technology. 
Co-operative Agreements and Technology indicators data base, unpublished tabulations 


See figure 4-23 
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Appendix table 4-38. 
Distribution of strategic technology alliances between economic biocs, by technology: 1980—94 


interregional alliances 
Total’ Biotechnology Information technologies New materials 
Europe-Japan Europe-US Japan-US Europe-Japan Europe-US Japan-US Europe-Japan Europe-US Japan-US Europe-Japan fEurope-US Japan-US 
ee eee eee 5 40 15 0 15 7 5 20 8 0 5 0 
Sle «04644 6604600004605 10 30 26 1 4 8 7 23 16 2 3 2 
Mh o¢bsc600%4 6464604064 15 54 39 2 11 14 9 37 22 = 6 3 
P< 6. een seseea peveeses 18 37 51 2 12 6 12 19 38 4 6 7 
névedees veakeeseeges 19 60 55 0 18 9 14 41 42 5 1 4 
a 6 ned0 4 bee seen nee’ 26 S82 52 7 30 17 13 44 27 6 8 8 
ee eee 26 78 47 1 22 14 19 46 26 6 10 7 
i ..«5.9 4) w5:60 hb 94s 600 9%6 16 95 53 5 37 14 6 48 29 5 10 10 
th Chéovns had euGeeeeees 15 98 39 1 30 8 11 62 23 3 6 8 
ae 56 60606k 04s een sere 18 86 aa 7 21 9 8 56 28 3 9 7 
DE cececeeneeeueseseves 22 66 34 3 12 2 15 42 29 4 12 3 
ere ee 15 53 51 1 14 2 12 37 46 2 2 3 
PD 5a os 8s eS KES OO EK OS 17 89 43 3 33 6 12 52 29 2 a 8 
1993............ 0.220008. 16 104 45 2 38 10 10 48 34 4 18 1 
1994 18 145 40 5 71 7 12 63 30 1 11 3 
intraregional alliances 
Total’ Biotechnology Information technologies New materials 
Europe-Europe Japan-Japan US-US Europe-Europe Japan-Japan US-US Europe-Europe Japan-Japan US-US  [Europe-Europe Japan-Japan US-US 
ee 29 5 42 10 1 25 13 4 16 6 0 1 
CL neo @ cb ome Oko e's 4.08 € 30 12 48 8 2 23 18 8 23 ! 2 2 
ee ee ere 27 8 57 6 2 36 17 4 18 “ 2 3 
i athe a kent kedete das 33 20 51 9 2 14 17 15 32 7 3 5 
er eee 59 15 88 14 4 28 40 7 56 5 4 4 
ES x0» 4 ORs ASO OOS Fe 105 35 86 38 7 33 60 10 47 7 18 6 
in «ag eedee s 65h 6006064' 78 58 118 15 16 52 52 15 54 11 27 12 
bs pace bekaeneecabade 69 38 133 18 9 43 46 7 76 5 22 14 
Csr eghens eens 60404 86 23 141 31 5 40 48 7 88 7 11 13 
PPPS eee TT TTTTTe 74 11 122 16 2 23 45 7 89 13 2 10 
i eee ee 34 10 121 5 0 12 25 9 102 4 1 7 
nt £6 eanen eae eehe sates 29 10 106 2 0 15 24 9 84 3 1 7 
eh. Sn e600 0 0.09060 9-4 048 41 10 155 10 1 29 25 9 113 y 0 13 
— Per Ts Perr ere 35 7 192 10 2 55 14 4 116 11 1 21 
ee Pee ee 39 12 235 25 1 65 9 9 154 5 2 16 


‘includes all agreements reported for biotechnology. information technologies, and new materials. 
SOURCE: John Hagedoom, Maastricht Economic Research institute on Innovation and Technology, Co-operative Agreements .nd Technology indicators data base, unpublished tabulations. 
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Appendix table 4-39. 
Percentage of industrial R&D expenditures financed from foreign sources, by selected country: 1980-94 
United United 
Canada France Germany' Italy Japan Kingdom States 
Percent 

1980............ 2.20002 0220005. NA NA NA NA NA NA 3.4 
EL 6.6 $0444044b 4006668400644 64 7.4 7.0 1.2 4.3 0.1 8.7 NA 
En 654406040066 6466 64040064 ¢%2 10.7 48 1.3 47 0.1 NA NA 
0 td e645 400 66 00% 405404044645 16.6 46 1.4 4.3 0.1 6.8 NA 
Ch as06s00beueee 06550 4%0 eens 17.1 6.5 1.5 6.2 0.1 NA NA 
WOBB. 0. cece eee 14.3 6.9 1.4 6.1 0.1 11.1 NA 
Ec cueonn eeu Gane eRaden eens 13.6 8.0 1.4 7.3 0.1 12.2 NA 
ee eee eer eT eT re Tee 16.8 8.7 1.5 6.9 0.1 12.0 49 
Re re ee eee 18.0 9.2 2.1 6.6 0.1 12.0 5.7 
1989............2.2.2..202220202005. 16.8 10.9 2.7 6.5 0.1 13.4 6.6 
ME vosucaeeneeeeeenescyeseaes 17.4 11.1 2.7 7.3 0.1 15.5 7.8 
MN 0.6464 466009 668 0 0.600686.068 6468 18.0 11.4 2.6 8.6 0.1 16.0 78 
ee ee ee ee NA 12.0 2.7 5.4 0.1 15.0 9.0 
nh p.2666¢ 6006s 046606646 00034 NA NA 2.9 6.0 0.1 15.4 9.8 
ee NA NA NA 6.4 NA NA NA 


NA = not available 
‘Germany's data for 1981—90 are for West Germany. 


NOTE: There are no data on foreign sources of U.S. industrial R&D performance. The figures shown here to approximate such foreign involvement are the estimated 
percentage of U.S. industrial performance undertaken by majority-owned (that is, 50 percent or more) non-bank U.S. affiliates of foreign countries. 


SOURCES: Science Resources Division, National Science Foundation, unpublished tabulations; Organisation for Economic Co-operation and Development, Main 
Science and Technology Indicators data base (Paris, June 1995). 


See figure 4-26. 
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Appendix table 4-40. — 

Company-financed R&D performed abroad by U.S. companies and their foreign subsidiaries, by industry: 1980-93 $ 

(page 1 of 2) ° 
industry 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 

. ~Millions of current dollars 
ee ee eee 3,165 3,393 3,094 3,269 3,633 3,650 4,624 5,226 6,208 6,706 7,952 9,147 10,063 9,781 
Food, kindred, and tobacco products........... 54 62 64 63 70 75 69 37 27 42 41 66 88 108 
Chemicals and allied products................ 603 715 682 729 786 843 1,071 1.243 1,548 1,532 2,007 2,401 2,676 2,814 
industrial and other chemicals............... 246 287 319 368 385 444 579 625 855 609 720 ~=1,009 1045 1,313 
Drugs and medicines..................... 357 428 363 361 401 399 492 618 693 923 1,287 1,392 1,631 1,501 
Petroleum refining and extraction.............. 141 194 133 103 101 47 40 47 59 47 76 107 119 106 
Stone, clay, and glass products............... 21 18 10 19 60 D D D D D 59 38 41 38 
ee tne 6 6 66 on 500s eees 11 9 9 10 9 D D 18 23 24 26 20 18 12 
Fabricated metal products................... D 30 25 23 21 21 26 40 D D 95 86 109 117 
ite Ae eee th eee bt etee ese eees 599 612 494 577 740 689 951 1.233 1,326 1,432 1,451 1,476 1,439 342 
Electrical equipment................. -eas 451 475 467 482 537 591 D 432 591 573 770 651 568 644 
Transportation equipment............. vr 1,020 884 843 880 907 1,025 D D 1,750 1,916 2,055 2,402 D D 
Professional and scientific instruments.......... 186 230 237 D 263 169 212 317 404 474 611 656 685 761 
Nonmanufacturing industries............ er 7 8 7 10 8 18 27 64 146 256 415 778 835 1,796 
Millions of constant 1987 dollars’ 
I <6 04.0044 eaw 644066 600045 660 eos oe ¥ Es 4,414 4.300 3692 3,749 3,992 3,867 4,772 5.226 5,975 6,181 7,019 7,778 8323 7,920 
Food, kindred, and tobacco products........... 75 79 76 72 77 79 71 37 26 39 36 56 73 87 
Chemicals and allied products........... ews 841 906 814 836 864 893 1,105 1243 1,490 1,412 1,771 2,042 2,213 2,279 
Industrial and other chemicais. ... . . aeseaen 343 364 381 422 423 470 598 625 823 561 635 858 864 1,063 
Drugs and medicines..................... 498 542 433 414 441 423 508 618 667 851 1,136 1,184 1349 1,215 
Petroleum refining and extraction.............. 197 246 159 118 111 50 41 47 57 43 67 91 98 86 
Stone, clay, and glass products............... 29 23 12 22 66 D D D D D 52 32 34 31 
ES 15 11 11 11 10 D D 18 22 22 23 17 15 10 
Fabricated metal products................... D 38 30 26 23 22 27 40 D D 84 73 90 95 
ee ido o'6.9 6-660 eb 606 6040004888 835 776 589 662 813 730 981 1.233 1,276 1,320 1,281 1,255 1,190 277 
Electrical equipment....................... 629 602 557 553 590 626 D 432 569 528 680 554 470 521 
Transportation equipment................... 1,423 1,120 1,006 1,009 997 1,086 D D 1,684 1,766 1814 2,043 D D 
Professional and scientific instruments.......... 259 292 283 D 289 179 219 317 389 437 539 558 567 616 
Nonmanufacturing industries................. 10 10 8 11 9 19 28 64 141 236 366 662 691 1,454 
(continued) 

3 

- 

> 

a 

bd 

_ 

o 

@ 

n 


Appendix table 4-40. 


Company-financed R&D performed abroad by U.S. companies and their foreign subsidiaries, by industry: 1980-93 


(page 2 of 2) 

industry 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
Percent 

CT. 9 oe wanecee itera eunens 10.4 96 7.7 73 7.1 64 7.7 8.5 93 91 97 10.1 10.7 10.2 
Food, kindred, and tobacco products........... D 97 8.2 7.6 6.5 6.6 5.4 3.1 23 3.4 3.3 52 6.3 8.1 
Chemicals and allied products................ 14.1 13.7 11.0 10.7 10.2 10.1 12.4 13.2 14.3 12.8 15.2 16.6 17.7 16.8 
industrial and other chemicals............... 9.8 9.1 8.6 94 8.7 92 11.6 11.7 14.4 95 °9 13.5 14.6 17.2 
Drugs and medicines..................... 20.3 20.7 14.7 12.5 12.1 115 13.5 15.1 14.1 16.7 218 20.0 20.6 16.4 
Petroleum refining and extraction.............. 10.1 10.9 6.6 5.0 45 2.1 2.0 25 3.0 22 3.3 43 52 5.0 
Stone, clay, and glass products............... D 44 2.1 3.2 85 D D D D D 11.0 84 86 7.1 
SFT TTT TTT TTT TT ee 1.9 1.3 1.3 1.4 1.3 D D 25 3.7 3.6 36 28 3.5 19 
Fabricated metal products................... D 55 44 3.6 2.7 2.7 3.3 6.3 D D 12.9 11.5 15.1 12.7 
re 11.4 10.0 6.8 7.3 73 6.4 89 11.7 11.1 10.7 10.7 10.8 104 42 
Electrical equipmemt....................... 8.3 74 7.0 59 59 6.4 D 41 59 6.0 83 7.3 6.0 5.7 
Transportation equipment................... 14.7 11.4 98 98 87 85 D D 126 13.1 14.4 16.2 D D 
Professional and scientific instruments.......... 7.6 7.7 7.0 D 62 3.7 45 6.4 76 83 97 96 94 10.1 
Nonmanufacturing industries... . . . 0.7 0.8 0.5 0.5 0.2 04 06 1.2 2.0 25 25 3.4 3.6 7.0 


D = withheld to avoid disclosing operations of individual companies 
‘See appendix table 4-1 for GDP implicit pnce deflators used to convert current dollars to contant 1987 dollars 

SOURCE: Science Resources Studies Division, National Science Foundation, Research and Development in industry: 1993 (Ariington. VA: NSF. forthcoming) 
See figure 4-24 
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162 ¢ ; Appendix A. Appendix Tabies 
Appendix table 4-41. 
R&D expenditures performed for majority-owned foreign affiliates of U.S. parent companies, 
by country: 1982 and 1989-93 
Country 1982 1989 1990 1991 1992 1993 
— en Millions of U.S. ollars - LT 
CE oc kacnevssueeveteeseereedonn 3,647 7,048 10,187 9,396 11,084 10,954 
Canada........ 0... ee eee 545 914 1,159 1,039 1,006 1,030 
Europe....... 2,591 5,178 7,952 7,143 8,024 7,550 
I, 5.0.0e0s6006oseawesesees 181 317 388 383 458 460 
France .... 2... eee ee 263 545 882 907 1,021 942 
Germany...................--.-. 893 1,496 2,561 2,504 2,726 2,568 
PD ccdesenceaneectbaeheses 31 134 539 573 664 669 
eee ee ee 136 294 476 327 326 304 
Netherlands.................... 101 360 459 478 482 392 
ee 36 115 103 100 323 321 
Sweden... eee 29 33 130 83 84 46 
Switzerland................ 51 67 76 91 101 109 
United Kingdom... .............. 805 1,673 2,221 1,606 1,737 1,639 
Other European countries ......... 65 144 117 91 102 98 
Asia and Pacific eeacebeoweus 204 760 846 916 1,719 1,943 
Japan ... wane eeeeneounes 104 488 512 596 664 862 
Australia ee 120 181 197 144 173 176 
Singapore anhaeneecuneeeees D 25 54 87 360 312 
Other Asian and Pacific countries .... D 66 83 89 522 593 
Latin America and other 
Western Hemisphere 179 153 201 253 291 384 
Brazil 96 90 113 149 172 220 
Mexico 38 37 53 64 76 D 
Other Latin America 45 26 35 40 43 D 
Middie East 11 32 16 30 25 29 
Africa 26 11 13 15 19 18 
South Africa 23 9 10 12 16 14 
Other African countries . . 3 2 3 3 3 4 


D = withheld to avoid disclosing operations of individual Companies 


NOTES. Data inciude foreign direct investments of nonbank US. affiliates conducted by and for the foreign affiliates. The data exclude expenditures for R&D conduct- 


ed for others under a contract. Expenditures reported here differ from the NSF data in appendix table 4-40 


SOURCE: US Bureau of Economic Analysis. U.S Direct investment Abroad (Washington, DC: BEA, annual series) 


See figure 4-25 
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Appendix table 4-42. 
Foreign R&D expenditures in the United States, by industry and country: 1980-93 : 
industry «:30 Country 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 . 
Millons of current dollars —— ———_-—— 
tte oc cecweseeesisoeweseseecoucess 1946 3,110 3744 4,164 4738 5240 5804 6521 7834 9465 11522 11872 13,664 14,618 
nnn «06646600600 009006000600 066 D 253 255 310 HE 388 380 311 364 387 520 438 586 435 
Manufacturing .... .. 2 6. eee eee D 2645 3,133 3,553 4,058 4478 5,011 5573 6903 8,398 9868 10,177 11,383 12,008 S 
Food and kindred products................. 19 32 39 44 43 51 54 58 106 187 192 195 245 264 
Chemicals and allied products .............. 834 1580 1870 2037 2349 2627 2,782 3220 3,719 4,371 5,243 5,755 D 6,625 : 
industrial chemicals..................... 454 1.085 1329 1,397 1,620 1836 1657 1899 2126 2264 2.498 2,391 D 2.341 S 
Other chemicais........ 2... eee. 146 179 170 181 200 228 167 230 276 252 372 427 490 ss° , 
Drugs and medicines................. 234 316 371 459 529 563 958 1091 1318 1835 2373 293, 3,211 3,843 ~ 
Pnmary metal indusines ts 24 71 79 59 66 102 977 91 02 155 8 8§©6©16606©=©6189~—Ss«*1783 198 $ 
Fabricated metal products ................. 21 20 28 82 54 nat 76 67 106 209 152 145 D 174 
Machinery, except electrical... . . 189 264 297 350 355 342 286 476 692 1,070 1,190 1,094 1,098 1,017 
Office and computing machines.......... NA NA NA NA NA NA NA 370 497 622 794 788 774 620 
ee NA NA NA NA NA NA NA 106 195 448 396 WE 324 397 
Electrical equipment........... 2... ....... 318 385 505 613 799 977 1,366 1,105 13869 1,371 1,817 1,647 1,953 2,262 
Transportation equipment.................. 101 136 150 92 95 83 124 76 225 265 193 207 D 268 
Prof. and scientific instruments............. 32 52 47 42 42 58 112 279 242 366 420 472 D 613 
Nonmanufacturing industnes............ D 212 356 31 314 374 413 637 567 680 1,134 1,257 1,895 2.175 
Servic®s eee ee 37 43 41 51 60 Ma 77 243 69 108 384 358 oo 1,116 
Other peoueeseeeeeasceeeaseacebes D 169 315 250 254 720 336 394 498 572 750 899 1,151 1,065 
Country 
DE 6 6.0 0.9.6.0.66.66000066 Cb dbeneeeeeceiee 135 777 1,032 1,212 1,405 1,550 1542 1,666 1,804 1,758 1,944 2,060 2,113 2,190 
Europe. nes 1544 1936 2229 2,324 2,632 2918 3450 3,881 4,754 6,022 7,520 7,785 8,993 9,671 
United Kingdom... 312 405 520 559 664 748 764 «4833 «1,171 «1645 43861889 0S 20462 2,177 2.295 
Ss © 6.66008 66656:606.00094660.00000584 380 436 529 591 602 671 851 1,139 1,242 1,503 1,764 1,720 2,100 2,321 
France...... 146 204 232 215 261 166 352 366 435 572 812 953 1,204 1,204 
Netherlands... ccs 299 373 397 387 432 514 517 542 618 703 784 663 696 691 
Switzerland 338 416 447 463 546 625 744 765 962 1,195 1,669 1,849 2.064 2,524 
Sweden. . aneedeuecon jceueesuses 36 53 54 62 63 116 141 128 166 214 281 237 308 277 
Other European countnes 068 reeeesesa 33 49 50 47 64 78 81 108 160 190 321 317 444 359 
Japan. . | is peeseeseeecan? 88 142 141 171 210 267 292 307 571 822 1,307 1,353 1,709 1,781 
Latin Amenca pewsteseneoes soueea D D D 401 423 427 427 391 352 400 386 397 580 635 
All other countries... 6 cee D D D 56 68 78 93 276 353 463 365 277 469 341 


D = withheld to avoid disclosing operations of individual compames, NA = not available 
NOTES Inctudes foreign direct investments of nonbank U S affiliates with 10 percent or more foreign ownership Excludes expenditures for R&D conducted for others under a contract 
SOURCE US Bureau of Economic Analysis, Foreign Direct investment in the United States (Washington, DC. BEA, annual senes) 
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Appendix table 4-43. 


R&D expenditures in the United States by majority-owned U.S. affiliates of foreign companies, by industry of affiliate 
and country of ultimate beneficial owner: 1980 and 1987-93 


industry 1980 1987 1988 1989 1990 1991 1992 1993 
Millions of U.S. dollars 
a 1,517 4,497 5,485 6,720 8,511 9,127 10,745 11,593 
Petroleum....................... 175 283 339 378 D D 551 427 
Manufacturing .................... 1,245 3,809 4,773 5,915 7,282 7,839 9,056 3.668 
Food and kindred products.......... 19 58 105 185 189 190 240 254 
Chemicals and allied products ....... 733 D D D 3,832 4,266 4.692 5,218 
industrial and other chemicals... . . . 501 D D D 1,465 D D D 
Drugs and medicines ............ 232 1,075 1,293 1,806 2,367 D D D 
Rubber products................. 8 50 98 117 155 150 305 216 
Stone, clay, and glass products ..... 10 32 61 62 114 102 113 105 
Primary metal industries... . . . nen D 38 37 75 69 82 79 81 
Fabricated metal products .......... D 62 100 201 138 132 136 158 
Machinery, except electrical......... 92 D 446 556 646 602 609 527 
Computer and office equipment... . . 28 D 285 295 380 341 328 242 
Other............ ees on 65 79 161 260 264 261 281 285 
Electrical and electronic equipment. . 285 D 1,114 1,078 1,533 1,562 1,880 2,107 
Household audio & video, and 
communications equipment... ... 66 555 777 721 971 959 1,129 1,169 
Electronic components and other .. . 219 D 337 357 562 603 752 939 
Transportation equipment .......... 10 D D D 106 +59 203 224 
Professional and scientific instruments. . 28 254 210 295 333 411 556 554 
Nonmanufacturing industries.......... 97 405 373 427 D D 1,138 1,498 
Services een Geeaesens - 5 59 42 77 D D 211 517 
Wholesale trade ............... 69 312 300 297 571 682 803 852 
Motor vehicles and equipment. ..... D 86 67 71 283 277 252 216 
Electrical goods ............... 5 71 107 D 145 224 220 269 
Other . . as faweeecahs 23 34 31 53 D D 124 129 
Country 
Canada........... oes 113 D D D D D D 845 
Europe. ... _ 1,217 3,458 4,241 5.414 6,762 7,275 8,325 8,854 
France > ee 39 332 402 510 766 913 1,230 1,128 
Germany ... ee err 281 824 963 1,216 1,435 1,596 1,855 2,188 
‘taly a eas D D 73 93 151 143 91 92 
Netherlands ... - D 540 615 690 757 642 685 663 
Sweden D 124 160 205 271 225 322 252 
Switzerland eee ee < 329 D D 1,060 1,455 1,637 1,873 2,187 
United Kingdom Sareea 247 790 1,085 1,568 1,809 1,987 2,090 2,208 
Other European countries oe 16 47 D 72 118 132 179 136 
Asia and Pacific .. . eed D 179 345 412 796 834 1,080 1,269 
Japan D 133 282 369 709 741 938 1,151 
Other Asian and Pacific countries D 46 63 43 87 93 142 118 
Latin America and other 
Western Hemishpere 155 329 302 352 314 330 534 595 
Middle East 2 14 9 10 SS) 9 20 25 
Africa D D D D D D 4 4 


D = withheld to avoid disclosing operations of individual companies 


NOTE: Includes foreign direct investments of nonbank U S. affiliates with 50 percent or more foreign ownership. These R&D expenditures are a subset of tota! foreign 
R&D expenditures, reported in appendix tabie 4-42. Excludes expenditures for R&D conducted for others under contract 


SOURCE: U S. Bureau of Economic Analysis, special tabulations 
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Appendix ‘able 5-1. © 

Expe;di.ures for academic basic research, applied rese arch, and development: 1960-95 z 

3) 

® 

Total Basic Applied Develop- Total Basic Applied Deveiop- Basic Applied Develop- ~ 

academic R&D research research ment academic R&D research research ment research research ment 3 

Millions of current dollars Millions of constant 1987 dollars’ Percentage of total Fy 

1960......... 646 433 179 34 2.475 1,659 686 130 67.0 27.7 53 3 

1961... 763 536 192 35 2,901 2,038 730 133 70.2 25.2 46 pd 

1962.......... 904 659 205 40 3,373 2.459 765 149 72.9 22.7 44 Q 

1963.......... 1,081 814 227 40 3,974 2.993 835 147 75.3 21.0 3.7 S 

1964.......... 1,275 1,003 232 40 4,620 3,634 B41 145 78.7 18.2 3.1 S 

1965... . _.. 1,474 1,138 279 57 5,208 4,021 986 201 77.2 18.9 3.9 

1966.......... 1.715 1,303 328 84 5.893 4,478 1,127 289 76.0 19.1 493 g 
1967.......... 1,921 1,457 374 30 6,382 4.841 1,243 299 75.8 19.5 47 
1968.......... 2,149 1,650 403 96 6.888 5,288 1,292 308 76.8 18.8 45 
1969... _. 2,225 1.711 407 107 6,784 5.216 1,241 326 76.9 18.3 48 
197 2.335 1,796 427 112 6,749 5.191 1,234 324 76.9 18.3 48 
1971 2,509 1,914 474 112 6,837 5,273 1,306 309 76.6 19.0 45 
1972 2,630 2,022 524 84 6,885 5,293 1,372 220 76.9 19.9 3.2 
1973 2 884 2,053 713 118 7,174 5,107 1,774 294 71.2 247 4.1 
1974 3,022 2,153 736 133 6,979 4,972 1,700 307 71.2 24.4 44 
1975 3,409 2.410 851 148 7,162 5.063 1,788 311 70.7 25.0 43 
1976 3,729 2,549 1,016 164 7,283 4,979 1,984 320 68.4 27.2 44 
1977 4,067 2,800 1,067 200 7,341 5,054 1,926 361 68 8 26.2 49 
1978 4,625 3,133 1,184 308 7,760 5,257 1,987 517 67.7 25.6 6.7 
1979 5, 366 3.619 1,310 437 8,294 5.594 2,025 675 67.4 244 8.1 
1980 6.063 4,036 1,530 497 8.588 5,717 2,167 704 66 6 25.2 82 
1981 6,847 4,593 1,731 523 8,801 5,904 2,225 672 67.1 25.3 76 
1982 7,323 4,878 1,858 587 8,760 5.835 2.227 70? 66 6 25.4 8.0 
1983 7,881 5.303 1,988 590 9.059 6,095 2.285 678 67.3 25.2 75 
1984 8,620 5.732 2.254 634 9,483 6,306 2,480 697 665 26.1 74 
1985 9 686 6,555 2.418 713 10,271 6,951 2,564 756 67.7 25.0 74 
1986 10,927 7,491 2.628 808 11,253 7,715 2.706 832 68 6 24.1 74 
1987 12,152 8,391 2.912 849 12,152 8,391 2,912 849 69.1 24.0 7.0 
1988 13,462 8.893 3,516 1,053 12,994 8.584 3,394 1,016 66.1 26.1 78 
1989 14,975 9.789 4,055 1,131 13,840 9,047 3,748 1,045 65.4 27.1 76 
1990 16.283 10,640 4,346 1,297 14,538 9,500 3,880 1,158 65.3 26.7 8.0 
1991 17,577 11,601 4,478 1,498 15,062 9.941 3,837 1,284 66.0 25.5 85 
1992 18,794 12,504 4.714 1,576 15,649 10,411 3,925 1,312 66.5 25.1 84 
1993 19 911 13.270 5,007 1,634 16,188 10,789 4,071 1,328 66 6 25.1 82 
1994 (est.) 20,950 14,100 5.190 1,660 16,707 11,244 4,139 1,324 67.3 248 79 
1995 (est.) 21,600 14,500 5,450 1,650 16,770 11,258 4,231 1,281 67.1 25.2 76 


See appendix tabie 4-1 for GOP mmplhicit price defiators used to convert current doliars to constant 1987 dollars 

SOURCES Science Resources Studies Division (SRS), National Science Foundation. National Patterns of R&D Resources. 1994, NSF 95-304 (Arlington, VA: NSF, 1995): and SRS. unpublished tabulations 

See figure 5-2 ° 
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Appendix table 5-2. 
Support for academic R&D, by sector: FYs 1960-95 
(page 1 of 2) 
Federal! State/local Academic All other 
Total Government government Industry institutions sources 
Millions of current dollars 
1960............. 646 405 85 40 64 52 
NE oo owas vee do ex 763 500 95 40 70 58 
1962............. 904 613 106 40 79 66 
Ns x sacavcoeeds 1,081 760 118 41 89 73 
1964............. 1,275 917 132 40 103 83 
OE 5 os 6&6 80% @ 1,474 1,073 143 41 124 93 
1966............. 1,715 1,261 156 42 148 108 
1967............. 1,921 1,409 164 48 181 119 
1968 ............. 2,149 1,572 172 55 218 132 
1969. ............. 2,225 1,600 197 60 223 145 
1970 2,335 1,647 219 61 243 165 
1971 2,500 1,724 255 70 274 177 
ee 2,630 1,795 270 74 305 187 
ee 2,884 1,985 295 318 202 
1974............. 3,022 2,032 307 95 370 219 
1975 3,409 2,288 332 113 417 259 
1976 3,729 2,512 364 123 446 285 
1977 4,067 2,726 374 139 514 314 
1978 4,625 3,059 414 170 623 359 
1979 5,366 3,598 472 193 735 368 
1980 6,063 4,098 491 236 835 403 
1981 6,847 4,571 546 292 1,004 435 
1982 7,323 4,768 616 337 1,111 491 
1983 7,881 4,989 626 389 1,302 576 
1984 8,620 5,430 690 475 1,411 614 
1985 9,686 6,063 752 560 1,617 694 
1986 10,927 6,710 915 700 1,869 733 
1987 12,152 7,342 1,023 790 2,169 828 
1988 13,462 8,191 1,106 872 2,356 936 
1989 14,975 8,988 1,223 995 2,698 1,071 
1990 16,283 9,634 1,324 1,128 3,006 1,192 
199% 17,577 10,230 1,473 1,205 3,362 1,307 
1992 18.794 11,090 1,491 1,291 3,527 1,395 
1993 19,911 11,957 1,559 1,374 3,552 1,469 
1994 (est.)’ 20,950 12,600 1,600 1,450 3,750 1,550 
1995 (est.)' 21,600 13,000 1,600 1,500 3,900 1,600 
Millions of constant 1987 dollars* 
1960 2,475 1,552 326 153 245 199 
1961 2,901 1,901 361 152 266 221 
1962 3.373 2,287 396 149 295 246 
1963 3,974 2,794 434 151 327 268 
1964 4,620 3,322 478 145 373 301 
1965 5,208 3,792 505 145 438 329 
1966 5,893 4,333 536 144 509 371 
1967 6,382 4,681 545 159 601 395 
1968 6,888 5,038 551 176 699 423 
1969 6,784 4,878 601 183 680 442 
1970 6,749 4,760 633 176 702 477 
1971 6,887 4,749 702 193 755 488 
1972 6,885 4.699 707 194 798 490 
1973 7,174 4,938 734 209 791 502 
1974 6,977 4,691 709 219 854 506 
1975 7,162 4,807 697 237 876 544 
1976 7,283 4,906 711 240 871 557 
1977 7,341 4.921 675 251 928 567 
1978" 7,760 5.133 695 285 1,045 602 
1979 8,294 5,561 730 298 1,136 569 
(continued) 
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Appendix table 5-2. 
Support for academic R&D, by sector: FYs 1960-95 
(page 2 of 2) 
Federal State/local Academic All other 
Total Government government Industry institutions sources 


Millions of constant 1987 dollars* 


1980 ............. 8,588 5,805 695 334 1,183 571 
ee 8,801 5,875 702 375 1,290 559 
ee 8,760 5,703 737 403 1,329 587 
ee 9,059 5.734 720 447 1,497 662 
eee ee 9,483 5,974 759 523 1,552 675 
1985 ............. 10,271 6,429 797 594 1,715 736 
1986............. 11,253 6,910 942 721 1,925 755 
errr ree 12,152 7,342 1,023 790 2.169 828 
Rh 6 6 oc0ssed eens 12,994 7,906 1,068 842 2,274 903 
1989... eee, 13,840 8,307 1,130 920 2,494 990 
ee 14,538 8,602 1,182 1,007 2,684 1,064 
1991 ............. 15,062 8,766 1,262 1,033 2,881 1,120 
1992. ............ 15,649 9,234 1,241 1,075 2,937 1,162 
1993............. 16,188 9,721 1,267 1,117 2,888 1,194 
1994 (est.)' ........ 16,707 10,048 1,276 1,156 2,990 1,236 
1995 (est.)' ..... .. 16,770 10,093 1,242 1,165 3,028 1,242 
Percent 
1960... .......... 100.0 62.7 13.2 6.2 9.9 8.0 
ere 100.0 65.5 12.5 5.2 92 7.6 
1962. .._.. oo, 100.0 67.8 11.7 44 8.7 7.3 
1963...... 100.0 70.3 10.9 3.8 8.2 6.8 
1964............ 100.0 71.9 10.4 3.1 8.1 6.5 
1965... . 100.0 728 9.7 28 8.4 6.3 
1966... 100.0 73.5 9.1 2.4 8.6 6.3 
1967... 100.0 73.3 8.5 25 9.4 6.2 
1968 .. oo, 100.0 73.2 8.0 2.6 10.1 6.1 
1969 100.0 71.9 8.9 2.7 10.0 6.5 
1970... 100.0 70.5 94 26 10.4 7.1 
1971 . 100.0 69.0 10.2 28 11.0 7.1 
1972 >a 100.0 68.3 10.3 28 11.6 7.1 
1973 100.0 68.8 10.2 29 11.0 7.0 
1974 100.0 67.2 10.2 3.1 12.2 7.2 
1975 100.0 67.1 9.7 3.3 12.2 76 
1976 100.0 67.4 98 3.3 12.0 76 
1977 100.0 67.0 92 3.4 12.6 7.7 
1978' 100.0 66.1 9.0 3.7 13.5 78 
1979 100.0 67.1 88 3.6 13.7 69 
1980 100.0 67.6 8.1 3.9 13.8 6.6 
1981 100.0 66.8 8.0 43 14.7 64 
1982 100.0 65.1 8.4 46 15.2 6.7 
1983 100.0 63.3 7.9 49 165 7.3 
1984 100.0 63.0 8.0 55 16.4 7.1 
1985 100.0 62.6 78 58 16.7 7.2 
1986 100.0 614 84 64 17.1 67 
1987 100.0 60.4 84 65 178 6.8 
1988 100.0 60.8 8.2 6.5 17.5 7.0 
1989 100.0 60.0 8.2 6.6 18.0 7.2 
1990 100.0 59.2 8.1 69 18.5 7.3 
1991 100.0 58.2 ‘4 69 19.1 74 
1992 100.0 59.0 *s 6.9 188 74 
1993 100.0 60.1 8 69 178 74 
1994 (est.)’ 100.0 60.1 76 69 17.9 74 
1995 (est.)' 100.0 60.2 74 69 18.1 74 


‘Relative amounts of funds from state and local governments and from acadermuc institutions are estimated from previous years rat 


*See appendix table 4-1 for GDP implicit price deflators used to convert current dollars to constant 19867 dollars 

SOURCES. Science Resources Studies Division (SRS), National Science Foundation Academic Scrence and Engineering R40 Expenditures 

Fiscal Year 1993. Detailed Statistical Tables. NSF 95-332 (Arlington, VA: NSF. 1995). and SRS annua! senes 

See figure 5-3 Science & Engineering indicators - 1996 
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Appendix table 5-3. 
Sources of R&D funds at private and public institutions, by sector: 1973, 1983, and 1993 


Year and Federal State/local Academic Other 

institution type Total Government government Industry institutions sources 
Millions of dollars 

1973 

Private 1,080 846 31 33 66 103 

Public 1,804 1,139 263 51 252 g9 

1983 

Private 2.772 2,122 53 145 233 219 

Public 5.109 2,867 573 244 1,068 357 

1993 

Private 6,549 4,788 143 478 577 563 

Public 13,363 7.170 1.416 896 2,975 906 

Percent 

1973 

Private 100.0 78.3 2.9 3.1 6.1 95 

Public 100.0 63.1 14.6 2.8 14.0 5.5 

1983 

Private 100.0 766 1.9 5.2 8.4 7.9 

Public 100.0 56.1 11.2 48 20.9 7.0 

1893 

Private 100.0 73.1 2.2 7.3 88 8.6 

Public 100.0 53.7 10.6 6.7 22.3 6.8 


SOURCES: Science Resources Studies Division (SRS), National Science Foundation, Academic Science and Engineering R&D Expenditures: Fiscal Year 1993 
Detatied Statistical Tables, NSF 95-332 (Arlington, VA: NSF. 1995): and SRS. annual series 
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Appendix table 5-4. 
R&D expenditures at the top 100 acaclemic institutions, by source of funds: 1993 
(page 1 of 3) 
Institution Federal State/local Academic _ All other 
Rank and academic institution type Total Government government industry institutions sources 
Millions of dollars = names 
Total, all institutions ..................... 19,911 11,957 1,559 1,374 3,552 1,469 
1 University of Michigan, alicampuses ...... Public 426 250 5 27 104 40 
2 University of Wisconsin-Madison ......... Public 372 214 60 12 48 38 
3 Massachusetts Institute of Technology .... . Private 366 267 3 58 8 29 
4 University of Washington............... Public 335 269 8 31 20 7 
5 University of Minnesota, all campuses ..... Public 332 175 50 22 65 21 
6 Texas A&M University, allcampuses ...... Public 323 123 82 27 86 5 
7 University of California-San Francisco. ..... Public 315 210 19 9 as 32 
8 Cornell University, all campuses.......... Private 311 195 42 16 33 26 
9 University of California-San Diego ........ Public 307 243 10 10 22 22 
10 Stanford University ................... Private 307 254 1 15 19 17 
Total, ist 10 institutions .................. 3,393 2,200 281 227 448 237 
11 Johns Hopkins University’.............. Private 299 242 1 13 17 26 
12 University of Caiifornia-Berkeley.......... Public 284 156 29 12 68 19 
13 Pennsylvania State U, ailcampuses....... Public 283 160 8 42 73 0 
14 University of California-Los Angeles....... Public 278 189 6 14 35 34 
15 Harvard University ................... Private 257 182 . 9 15 51 
16 University of Illinois at Urbana-Champaign .. = Public 253 141 29 16 56 10 
17 University of Texas at Austin....... .... Public 249 139 18 a os 24 
18 University of Arizona.................. Public 236 113 5 13 82 21 
19 University of Pennsyivania........... .. Private 234 174 2 11 20 27 
20 University of Maryiand at — Park... .. Public 229 85 65 19 60 0 
Total, ist 20 institutions .......... vr 5,995 3,782 444 381 938 450 
21 Yale University...... jenveueepe Private 227 169 2 10 21 25 
22 University of California- Davis eases Public 224 105 16 7 79 17 
23 Ohio State University, allicampuses....... Public 221 109 30 14 31 38 
24 Columbia University, MainCampus ....... Private 205 183 2 6 4 11 
25 Duke University Reed Private 202 136 4 35 14 14 
26 University of Southern California oo Private 201 150 10 13 27 0 
27 University of Colorado, ail campuses Public 193 139 3 12 16 24 
28 Washington University... .. .. Private 179 129 a 19 14 13 
29 University of North Carolina at Chapel Hill Public 179 131 19 3 27 0 
30 University of Pittsburgh, ali campuses...... Public 179 142 . 10 13 13 
Total, 1st 30 institutions -eeeebeeen 8,005 5.175 533 509 1,182 605 
31 Georgia Institute of Technology, all campuses Public 176 98 e 29 47 0 
32 University of Georgia Public 172 52 34 9 76 1 
33 Baylor College of Medicine . Private 172 88 3 10 21 50 
34 University of Rochester . Private 162 131 7 8 4 12 
35 Rutgers, the State University, all campuses Public 161 55 24 8 64 10 
36 Louisiana State University, all campuses Public 159 53 56 Q 31 10 
37 North Carolina State University at Raleigh Public 156 62 51 22 19 1 
38 Northwestern University Private 154 78 1 a 49 17 
39 Michigan State University Public 151 70 26 6 35 13 
40 Purdue University, all campuses Public 149 73 18 13 % 9 
Total, 1st 40 institutions 9,617 5,936 754 632 1,565 730 
(continued) 
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Appendix tabie 5-4. 
R&D expenditures at the top 100 academic institutions, by source of funds: 1993 
(page 2 of 3) 
institution Federal State/local Academic All other 
Rank and academic institution type Total Government government industry institutions sources 
——————= Millions of dollars 
41 University of lowa..... Saeeeseweey Public 14 93 3 10 32 10 
42 lowa State University................ . Public 1.8 51 35 7 49 6 
43 University of Tennessee, Central Office .... Public 14 77 23 12 22 10 
44 University of Flonda .................. Public 143 72 10 11 43 7 
45 Virginia Polytechnic institute and State Univ . _—‘ Public 136 62 32 13 25 3 
46 University of Alabama at Birmingham ...... Public 134 95 3 11 10 15 
47 University of Connecticut, allcampuses .... Public 133 49 8 8 58 9 
48 New York University .................. Private 130 a4 1 5 10 19 
49 SUNY at Buffalo, all campuses........... Public 128 81 6 6 19 16 
50 indiana University, allcampuses ......... Pubiic 128 77 2 5 27 17 
Total, ist 50 institutions ................. 10,989 6.685 878 721 1,861 B44 
51 University of Texas MD Anderson Cancer Center.. Public 127 41 0 0 62 25 
52 Case Western Reserve University ........ Private 125 92 4 6 10 13 
53 University of Miami................... Private 121 91 2 11 5 12 
54 Emory University..................... Private 120 80 2 8 18 11 
55 Carnegie Melion University ............. Private 118 79 6 18 7 9 
56 University of Virginia, all campuses. . Public 118 76 6 10 13 13 
57 California institute of Technology . Private 115 104 . 4 oy 3 
58 Colorado State University ........... .. Public 115 69 14 5 25 2 
59 Univ. of Texas Southwestern Med Ctr Dallas . Public 114 68 . 11 7 28 
60 Oregon State University. Public 114 61 28 4 12 9 
Total, 1st 60 institutions . 12,178 7,446 94° 800 2,024 968 
61 University of Chicago peebeeewede os Private 112 96 2 5 9 
62 Univ. of Maryland Baltimore Professional Schs. Pubic 112 54 23 14 15 6 
63 SUNY at Stony Brook, all campuses Public 108 68 1 5 29 5 
64 University of Missouri, Columbia Public 106 30 14 8 48 7 
65 University of lilinois at Chicago. . Public 106 50 5 5 32 14 
66 University of Utah Public 105 83 7 4 11 7 
67 University of Kentucky, all campuses Public 103 47 6 10 35 5 
68 University of California-irvine Public 101 65 6 5 14 12 
69 Princeton University rivate 99 57 . 6 24 11 
70 Vanderbilt University Private 96 84 3 5 5 
Total, 1st 70 institutions 13,225 8,079 997 861 2,242 1,047 
71 University of Nebraska at Lincoin Public 95 24 35 2 23 11 
72 University of Cincinnati, all campuses Public 93 57 2 11 17 6 
73 Washington State University Public 92 44 5 3 32 9 
74 University of Oklahoma, all campuses Public 92 33 11 4 30 14 
75 Boston University Private 91 72 . 10 0 9 
76 Yeshiva University Private 90 72 2 11 5 
77 New Mexico State University, all campuses Public 86 65 9 3 8 . 
78 Wayne State University Public 86 40 6 8 23 8 
79 University of Kansas, all campuses Public 85 38 6 4 33 4 
80 Woods Hole Oceanographic institution Private 82 74 . : 1 6 
Total, 1st 80 institutions 14,116 8,597 1,072 908 2,420 1,118 
81 Clemson University Public 73 23 15 6 30 4 
(continued) 
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Appendix table 5-4. 
R&D expenditures at the top 100 academic institutions, by source of funds: 1993 
(page 3 of 3) 
institution Federal State/local Academic All other 
Rank and academic institution type Total Government government industry institutions sources 
Millions of dollars 
82 Utah State University... . .. - . Public 77 45 12 3 15 1 
83 Virginia Commonwealth University . Public 77 49 2 7 17 2 
84 University of New Mexico, allcampuses.... Public 77 43 3 5 14 11 
85 University of Medicine and Dentistry of New Jersey Public 76 36 5 7 21 
86 Tulane University of Louisiana . . .. _ Private 76 37 2 7 24 6 
87 Mount Sinai School of Medicine . Private 75 50 1 6 8 10 
88 University of South Florida... . Public 75 17 6 5 41 6 
89 University of Texas Health Science at San Antonio. Public 75 48 6 7 10 4 
90 Rockefeller University.......... Private 74 37 . 5 16 16 
Total, ist 90 institutions ....._.. Te Tr 14,878 8.981 1,125 966 2,617 1,188 
91 University of Hawaii at Manoa Public 74 41 27 . 3 2 
92 Georgetown University . Private 74 48 . 6 13 7 
93 Oklahoma State University, all campuses Pubiic 7 21 10 4 36 2 
94 Mississippi State University Public 70 30 19 6 8 7 
85 University of California-Santa Barbara Public 69 54 2 2 6 4 
96 Auburn University, all campuses Public 68 17 23 6 17 5 
97 University of Texas Medical Branch at Galveston. = Public 68 31 8 5 16 8 
98 Univ. of Alaska-Fairbanks, ali campuses Public 67 42 3 5 17 . 
99 Arizona State University Public 66 30 1 5 29 2 
100 University of Massachusetts at Amherst Public 64 32 5 5 15 6 
Total, 1st 100 institutions 15,571 9,327 1.223 1,009 2,778 1,233 


* = less than $1 million 


‘These figures exclude the Applied Physics Laboratory (APL) at Johns Hopkins University, which is similar to a federally tunded research and development center 
and dominates the R40 performed at the university. in 1993, APL had tota! R40 expenditures of $447 milhon, of which $431 million were provided by Federal sources 


SOURCES: Science Resources Studies Division (SRS), National Science Foundation, Academic Science and Engineering R&D Expenditures. Fiscal Year 1993 
Detailed Statistical Tables. NSF 95-332 (Arlington. VA: NSF, 1995): and SRS. unpublished tabulations 
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Appendix table 5-5. 
Federal and nonfederal R&D expenditures at academic institutions, by field and source of funds: 1993 


Field Total Federal Nonfederal’' Federal Nonfeceral' 
Thousands Percent Th 
of dollars ousands of dollars Percent 

Total science and engineering we 19,911,352 100.0 11,957,140 7,954 212 60.1 39.9 
Total sciences _ . ed ebeweneweceeue a 16,760,054 84.2 10,098,924 6,661,130 60.3 39.7 
Physical sciences .._.. . wea 2,124,377 10.7 1,513,451 610.926 71.2 28.8 
Astronomy 251,878 13 158,506 93,372 62.9 37.1 
Chemistry . - _ eseens 735,633 3.7 501,651 233,982 68.2 31.8 
Physics. . seueus 928,334 47 701,552 226,782 75.6 24.4 
Other ..... . 208.532 1.0 151,742 56,790 728 27.2 
Mathematica! sciences. . eee 272,133 14 203,004 69.129 746 25.4 
Computer sciences . 597 339 3.9 421,635 175,704 706 29.4 
Environmentai sciences ._. 1,317,619 6.6 870,361 447 258 66.1 33.9 
Atmospheric sciences 211,611 1.1 160,405 51,206 75.8 24.2 
Earth sciences 415.444 2.1 242.450 172,994 58.4 416 
Oceanography 460 566 2.3 331,637 128,929 72.0 28.0 
Other 229.998 12 135,869 94.129 59.1 40.9 
Life sciences 10,827,725 544 6,382,815 4.444 910 58.9 41.1 
Agricultural sciences 1,558,090 7.8 449.710 1,108,380 28.9 71.1 
Biological sciences 3,536,452 17.8 2,312,449 1,224,003 65.4 34.6 
Medica! sciences 5,285,269 26.5 3,351,137 1,934,132 63.4 36.6 
Other 447,914 22 269.519 178,395 60.2 39.8 
Psychology 349,344 18 234,186 115,158 67.0 33.0 
Socia! sciences 896,139 45 338,031 558,108 37.7 62.3 
Economics 231,208 12 77,253 153,955 33.4 66.6 
Political science 152,960 0.8 44 266 108,694 28.9 71.1 
Sociology 183,562 0.9 91,092 92.470 496 50.4 
Other 328,409 1.6 125,420 202,989 38.2 618 
Other sciences 375,378 19 135,441 239,937 36.1 63.9 
Total engineering 3,151,298 15.8 1,858,216 1,293,082 59.0 41.0 
Aeronautical/astronautical 206,218 1.0 158,871 47,347 77.0 23.0 
Chemical 269,220 14 140,929 128,291 52.3 47.7 
Civil 367,091 18 152.354 214,737 415 58.5 
Electnical/electronic 696.243 3.5 458.102 238,141 658 4.2 
Mechanical 480,294 24 303 956 170,338 64.5 35.5 
Materials 302,049 15 152,417 149 632 50.5 495 
Other 830,183 42 485 587 344 596 58.5 415 


See appendix table 5-2 for detail on nonfederal sources 
SOURCES Science Resources Studies Division (SRS), National Scrence Foundation. Academic Science and Engineering R&D Expenditures. Fiscal Year 1993 
Detailed Statistical Tables. NSF 95-332 (Arlington. VA NSF 1995). and SRS. unpublished tabulations 
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Appendix table 5-6. 
Expenditures for academic R&D, by field: 1983-93 


(page 1 of 2) 
Field 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
Millions of current doliars 
Total S&E 7,881 8,620 9686 10927 12,152 13462 14975 16283 17577 18,794 19,911 
Total sciences 6.759 7 8.268 9285 10259 11,367 112,581 13.628 14674 15.733 16,759 
Physica! sciences 901 1,001 1,148 1,286 1,398 1,554 1,646 1,806 1,939 2,051 2,124 
Astronomy 73 80 96 102 108 127 137 170 210 233 252 
Chemistry 335 372 421 469 513 565 606 647 666 697 73% 
Physics 418 474 55 631 673 740 786 842 870 913 928 
Other 74 74 80 85 103 122 117 147 193 209 209 
Mathematica! sciences 106 123 128 152 177 199 215 222 230 247 272 
Computer sciences 186 224 281 321 372 498 473 515 554 556 597 
Environmental sciences 617 645 705 776 833 894 1,003 1,068 1,116 1,239 1.318 
Atmospheric sciences 39 102 108 121 132 138 165 173 175 194 212 
Earth sciences 216 228 254 274 284 294 324 354 383 412 415 
Oceanography 224 236 258 280 299 333 359 377 390 428 461 
Other 7 79 86 101 123 128 156 163 169 204 230 
Life sciences 4,303 4711 5.279 5.890 6,528 7,257 8,060 8,725 9,471 10,183 10.828 
Agricultural sciences 921 954 999 1,089 1,121 1,176 1,282 1,349 1,458 1,512 1,558 
Biological sciences 1,419 1,573 1,780 1,946 2,143 2,407 2,639 2.858 3,062 3.296 3,536 
Medical sciences 1,830 2,034 2,318 2,616 3,000 3.378 3,819 4,155 4547 4,960 5.285 
Other 132 150 181 240 264 296 321 363 404 415 448 
Psychology 136 145 158 170 187 213 233 253 283 328 349 
Socia! scrences 345 359 383 462 502 552 633 703 750 815 896 
Economics 98 109 118 136 149 163 187 201 209 222 231 
Political scrence 55 56 59 69 81 87 103 115 125 142 153 
Sociology 7 70 75 96 95 108 119 132 156 163 184 
Other 115 124 131 162 177 194 224 255 260 288 328 
Other sciences 165 180 186 228 256 290 318 336 331 314 375 
Total engineering 1.122 1,232 1,418 1,641 1,892 2.096 2,392 2.656 2.903 3,060 3,151 
Aeronautical/astronautica! 68 70 81 94 108 123 148 163 180 196 206 
Chemicai 96 102 116 132 148 163 194 218 244 261 269 
Civil 127 140 153 178 191 224 245 284 315 339 367 
Electrical/electronic 262 295 337 395 451 509 595 663 679 702 696 
Mechanica’ 149 179 208 228 275 304 343 391 421 452 480 
Materials NA NA NA NA NA NA NA 274 4 292 302 
Other 420 447 523 613 719 774 867 663 760 816 830 
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Appendix A. Appendm Tables 


Fieid 


1984 


Tota! S&E 9.059 9 483 0.2771 1.253 12,152 12.994 13,840 14.538 15.062 15.649 16.188 
Tota! sciences 7,769 8.128 8.768 S$ 562 10.259 10.972 11,628 12.168 12.574 13,100 13,625 
Physical sciences 1.036 1,101 1.217 1.324 1.398 1,500 1,521 1.613 1.662 1,708 1.727 
Astronomy 84 8& 102 105 108 123 127 152 180 a 205 
Chemistry 385 409 446 483 513 545 560 578 571 580 598 
Physics 460 521 584 650 673 714 726 752 746 760 754 
Other 85 81 85 88 103 118 108 131 165 174 170 
Mathematica! sciences 122 135 136 157 177 192 199 198 197 20 221 
Computer sciences 2 246 98 331 372 394 437 460 475 463 485 
Environmental scences 70S 10 748 '99 839 863 927 954 956 1,032 1.072 
Atmospheric sciences 114 112 115 125 132 133 152 154 1£0 162 172 
Earth scrences 248 251 269 282 284 284 299 316 328 343 337 
Oceanography 257 260 274 288 299 321 332 337 334 356 375 
Othe > 87 31 104 123 124 144 146 145 170 187 
Life science 4 94€ 5.183 5 598 6 066 6.528 7,005 7 449 77S B.11€ 8.479 8.803 
AG tural scrences 1,059 1,050 1,059 1,122 1.121 1,135 1,185 1.204 1.249 1.259 1.267 
Biological sciences 631 1.730 1.888 2.004 2.143 2,323 2439 2.552 2.624 2,744 2.875 
Medical scrences 2.103 2.238 2 458 ? 694 3,000 3.261 35x 3,710 3 896 4130 4.297 
ytne 152 165 192 247 264 2R6 2907 324 34e 346 34 
Psychology 156 16C 168 175 187 206 215 226 243 273 284 
Social scrences 397 395 406 47¢ 502 533 585 628 643 679 728 
FY r “ 19 120 | 14 149 ‘< 173 179 770 1a85 188 
Political science 63 62 f 1 a R4 95 103 107 118 2 
SO Teh > 77 R QG 35 104 17 118 134 13 15 
he 132 1% 130 67 177 187 207 228 922 24 287 
ther sciences 19 198 197 23 56 2A0 294 rt ?R4 oF 4 Ce 
Total engineering 1,29 355 1504 1.69 1892 2.023 2.211 2.371 2 488 48 2.562 
Aeronautical/astronautir a 78 7 RE ) 108 119 137 1 46 154 f 167 
hemnica 1 TT, 123 aie 148 157 173 196 2029 217 4 
: 1 46 154 6; 183 197 216 22€ 254 27¢ 8 298 
Electrical/elect x01 ¥ : 407 451 49% 55 59:7 5Rz 5a° SbF 
Mechar 74 17 21 3 27 233 117 +49 11 +7¢ 391 
Matera NA NA NA NA NA NA NA 244 6 43 246 
tne 483 49; 631 719 747 801 5937 651 68( 67* 
, rie + ‘ 1¢ pyre 
ee apoendim e4 j c ‘ ‘ ; ae 
ace ence Re ex che i } é 1 Aca ence Engines 7 ment itures Fiscal Year 1992 
e e T atyis d ; A yA h " ne ry hi 
en ’ 2 ’ 
OMe & Engmeerng ircat +e 
; 
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Appendix table 5-7. 
Federal financing of academic R&D funds, by field: 1973-93 


2 

® 

| 

® 

Field 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 > 

Percentage federally financed < 

EE 5 0-040:9:8:008-078 68.8 672 67.1 674 1467.0 66.1 67.1 676 668 651 633 630 626 61.4 604 608 600 592 582 590 60.1 & 

>. 

Total sciences........ 685 670 670 674 670 659 668 674 665 648 629 628 628 617 60.7 612 604 595 586 593 603 > 

Physical sciences ..... 818 810 814 805 800 790 815 819 808 788 777 781 775 763 752 745 727 728 714 719 71.2 & 

Astronomy ......... 73.4 700 734 698 718 716 748 756 710 706 680 661 670 68.5 65.7 66.1 641 662 643 658 629 x 

a 76.1 766 768 770 762 754 758 77.7 760 747 738 750 742 72.0 71.7 713 695 68.7 67.1 683 682 a 

Physics ........... 87.1 866 864 853 852 847 865 868 864 835 821 823 822 809 79.4 784 77.1 775 768 =767 756 

er 797 744 77.7 772 73.7 $697 827 787 81.1 812 805 801 75.1 758 75.1 747 695 718 690 698 728 g 
Mathematical sciences... 775 784 786 774 77.7 75.1 776 784 778 745 719 750 759 755 744 754 733 726 741 =%(740 746 
Computer sciences.... 699 732 743 740 676 61.1 709 704 724 742 746 727 69.7 724 69.1 708 685 665 670 683 706 


Environmental sciences.. 75.2 71.7 708 734 747 72.5 726 73.1 71.1 70.1 69.1 69.1 672 666 650 659 648 637 626 638 66.1 
Atmospheric sciences... NA NA NA NA NA NA NA 841 770 799 784 807 798 81.2 820 812 779 757 74.1 72.1 75.8 


Earth sciences ...... NA NA NA NA NA NA NA 69.7 67.1 649 624 614 607 583 56.2 593 577 577 S566 577 584 
Oceanography ...... NA NA NA NA NA NA NA 776 779 774 766 764 72.7 743 726 716 725 694 676 716 72.0 
SS -... 752 71.7 708 734 747 725 726 591 580 535 542 540 539 503 489 498 481 510 529 518 59.1 
Life sciences......... 663 645 65.1 65.7 653 64.1 64.1 649 640 624 602 601 604 593 588 596 593 582 572 580 589 


Agricultural sciences... 34.1 292 294 297 288 298 302 309 297 295 284 282 294 268 266 274 273 261 259 276 289 
Biological sciences ... 716 71.7 725 735 745 730 726 740 730 714 695 695 679 674 662 668 657 645 636 649 65.4 


Medical sciences..... 753 759 756 755 749 73.1 73.7 744 74.1 720 689 676 680 666 654 655 655 643 627 628 63.4 
ee 70.3 725 718 726 71.7 704 70.1 673 675 640 610 629 600 613 598 617 610 591 600 577 602 
Psychology.......... 795 789 768 762 748 714 =723 733 727 682 66.1 674 67.0 67.0 66.1 659 655 648 658 654 467.0 
Social sciences....... 573 569 552 527 516 506 530 538 510 456 426 398 401 374 336 842 335 322 337 K#5 37.7 
Beenenmes .......... 476 466 482 445 438 469 484 488 454 437 396 39.1 370 335 29.1 302 29.1 27.1 286 298 33.4 
Political science ..... 406 440 418 422 462 434 460 434 420 373 3%8 339 33.1 29.4 29.77 290 250 220 228 247 289 
meceey.......... 658 65.1 655 621 611 607 634 650 605 585 553 540 535 51.2 462 441 453 455 463 501 496 
ee 610 600 559 548 529 494 522 541 523 428 393 353 385 358 324 344 HK49 39 35 B22 32 
Other sciences....... 58.7 57.1 572 595 549 58.1 549 536 565 565 527 485 493 47.1 448 419 401 411 338 334 3.1 
Total engineering ..... 71.5 69.0 681 673 676 678 687 686 685 672 655 640 612 59.6 588 587 578 574 564 573 59.0 
AeronauticaVastronautical.. NA NA NA NA NA NA NA 795 800 79.1 787 782 764 77.0 74.1 763 775 777 764 767 77.0 
6 c£e¢ekee ene NA NA NA NA NA NA NA 644 669 620 595 591 556 55.4 51.7 526 521 506 484 484 523 
ste ee teehee 4408 NA NA NA NA NA NA NA 640 568 515 504 518 515 496 470 456 417 412 393 423 415 
ElectricaV/electronic.... NA NA NA NA NA NA NA 75.7 759 77.1 73.8 710 67.7 65.9 648 649 650 651 642 640 658 
Mechanical.......... NA NA NA NA NA NA NA 67.0 675 683 67.1 665 646 649 649 635 624 610 597 598 645 
ee NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 655 509 504 484 505 
eee 715 69.0 681 673 676 678 687 657 673 653 635 611 573 546 55.0 549 536 546 55.1 57.6 58.5 | 


NA = not available; S&E = science and engineering 


SOURCES: Science Resources Studies Division (SRS), National Science Foundation, Academic Science and Engineering R&D Expenditures Fiscal Year 1993, Detailed Statistical Tables, NSF 95-332 (Arlington, VA: NSF. 
1995); and SRS, annual series. 
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Appendix table 5-8. 
Federal obligations for academic R&D, by agency: 1971-95 
(page 1 of 2) 


Appendix A. Appendix Tables 


National National Department National! Department Department All 
All Institutes Science of Aeronautics & of of other 
agencies of He *h Foundation Defense Space Admin Energy’ Agriculture agencies 
Millions of current dollars 
1971......... 1,645 603 267 211 134 94 72 264 
Se 1,904 756 362 217 119 85 87 277 
OPO... .. 1... 1,917 826 374 204 111 83 94 289 
1974......... 2.214 1,108 389 197 99 94 95 312 
1975......... 2,411 1,154 435 203 108 132 108 348 
i ar 2,552 1,263 437 240 119 145 120 307 
2,905 1,399 511 273 118 188 140 364 
1978......... 3,375 1,588 537 383 127 240 186 408 
1979......... 3,889 1,880 617 438 139 260 200 470 
1980......... 4,263 2,012 685 495 158 285 216 536 
hs 0-46-4:0.5 44 4,466 2,101 702 573 171 300 243 492 
0 ae 4,605 2,140 715 664 186 277 255 483 
eee 4 966 2,392 783 724 189 297 275 434 
are 5,547 2,715 880 830 204 321 261 491 
Se 6,340 3,158 1,002 940 237 357 293 536 
rr 6,559 3,243 992 1,098 254 345 274 553 
ls ine 7,337 3,903 1,096 1,017 294 386 280 626 
ee 7,828 4,199 1,143 1,071 338 406 305 678 
ae 8.672 4,565 1,254 1,189 434 454 328 858 
Sr 9,142 4,779 1,321 1,213 471 500 348 984 
1991. 10,169 5,521 1,436 1,152 534 621 386 1,379 
ae 10,271 5,064 1,540 1,403 586 640 438 600 
ite a 11,156 5,795 1,562 1,616 614 583 433 553 
1994 (est.)..... 11,969 6,146 1,678 1,726 733 633 454 599 
1995 (esi.)..... 12,097 6,428 1,816 1,476 736 621 424 596 
Millions of constant 1987 dollars* 
RS ahs a ae 4,531 1,662 734 581 369 259 198 727 
Se 4,983 1,979 949 567 312 221 229 726 
rere 4,768 2,054 932 507 277 206 234 719 
a aaa 5,113 2,558 899 456 228 217 219 722 
ee 5,066 2,423 914 427 227 277 227 732 
re 4,984 2,466 853 470 232 283 234 599 
er 5,245 2,526 922 493 212 340 253 657 
ee 5,662 2,664 901 643 213 403 313 684 
eres 6,011 2,906 953 677 214 402 309 727 
eer 6,039 2,850 970 702 223 404 307 759 
ar 5,740 2,700 902 736 220 386 312 632 
0 es 5,509 2,560 855 794 222 331 305 578 
ae 5,709 2,749 900 832 218 341 316 499 
ee 6.102 2,987 968 913 224 353 287 540 
Serer 6,723 3,348 1,062 997 252 379 311 568 
ee 6,755 3,339 1,021 1,131 262 355 282 570 
a ee 7,337 3,903 1,096 1,017 294 386 280 626 
rer 7,556 4,053 1,104 1,034 326 392 294 655 
a 8,015 4,219 1,159 1,099 401 419 303 793 
Sess 8,163 4,267 1,179 1,083 421 446 311 879 
ee 8,713 4,731 1,230 987 457 532 331 1,181 
eh waeennes 8,552 4,216 1,282 1,168 488 533 365 500 
a eee 9,070 4,711 1,270 1,314 499 474 352 450 
1994 (est.)..... 9,545 4,901 1,338 1,376 585 505 362 478 
1995 (est.)..... 9,392 4,991 1,410 1,146 571 482 329 463 
(continued) 
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Appendix table 5-8. 
Federal obligations for academic R&D, by agency: 1971-95 


(page 2 of 2) 
National National Department National Department Department All 
All Institutes Science of Aeronautics & of of other 
agencies of Health Foundation Defense Space Admin. Energy’ Agriculture agencies 
Percent — 

1971......... 100.0 36.7 16.2 12.8 8.2 5.7 44 16.0 
1972......... 100.0 39.7 19.0 11.4 6.3 44 46 14.6 
1973......... 100.0 43.1 19.5 10.6 5.8 43 49 15.1 
1974......... 100.0 50.0 17.6 8.9 45 42 43 14.1 
1975......... 100.0 47.8 18.0 8.4 45 5.5 45 14.4 
1976......... 100.0 49.5 17.1 9.4 47 5.7 47 12.0 
1977......... 100.0 48.2 17.6 94 4.0 6.5 48 12.5 
1978......... 100.0 47.0 15.9 11.4 3.8 7.1 5.5 12.1 
1979......... 100.0 48.4 15.9 11.3 3.6 6.7 5.1 12.1 
ee 100.0 47.2 16.1 11.6 3.7 6.7 5.1 12.6 
1981......... 100.0 47.0 15.7 12.8 3.8 6.7 5.4 11.0 
1982......... 100.0 46.5 15.5 14.4 4.0 6.0 5.5 10.5 
1983......... 100.0 48.2 15.8 14.6 3.8 6.0 5.5 8.7 
ee 100.0 49.0 15.9 15.0 3.7 5.8 47 8.8 
a err 100.0 49.8 15.8 14.8 3.7 5.6 46 8.5 
Mc 2460084 100.0 49.4 15.1 16.7 3.9 5.3 4.2 8.4 
a FP 160.0 53.2 14.9 13.9 4.0 5.3 3.8 8.5 
ees 100.0 53.6 14.6 13.7 4.3 5.2 3.9 8.7 
1989......... 100.0 52.6 14.5 13.7 5.0 5.2 3.8 9.9 
rer 100.0 52.3 14.4 13.3 5.2 5.5 3.8 10.8 
1991......... 100.0 54.3 14.1 11.3 5.2 6.1 3.8 13.6 
 Terrre 100.0 49.3 15.0 13.7 5.7 6.2 4.3 5.8 
ae . 100.0 51.9 14.0 14.5 5.5 5.2 3.9 5.0 
1994 (est.)..... 100.0 51.3 14.0 14.4 6.1 5.3 3.8 5.0 
1995 (est.)..... 100.0 53.1 15.0 12.2 6.1 5.1 3.5 49 


NOTE: Percentages may not total 100 because of rounding. 
‘Data for 1974—76 are the Energy Research and Development Administration; and for 1977-95, the Department of Energy. 
“See appendix table 4-1 for GDP implicit price deflators used to convert current dollars to constant 1987 dollars. 


SOURCES. Science Resources Studies Division (SRS), National Science Foundation, Federal Funds for Research and Development: Fiscal Years 1993, 1994, and 
1995, Detailed Statistical Tables, Volume 43, NSF 95-334 (Arlington, VA: NSF, 1995): and SRS, annual series. 
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Appendix table 5-9. 
Federal obligations for academic research, by agency: 1971-95 
(page 1 of 2) 
National National Department National Department Department All 
All Institutes Science of Aeronautics & of of other 
agencies of Health Foundation Defense Space Admin. Energy’ Agriculture agencies 
Milne of current dota ——_§ — ———_——————————— 
1971............ 1,430 551 254 184 70 90 72 209 
1972............ 1,643 677 346 177 48 81 87 226 
1973 ............ 1,691 749 370 161 80 79 94 158 
1974............ 1,958 1,004 369 167 85 86 94 153 
in « 6.640644%6 be 2,079 1,036 420 165 91 112 108 148 
1976........ on 2,250 1,138 429 192 98 116 119 158 
ED 5046646604 %5 2,584 1,269 505 221 105 134 139 211 
1978............ 2,928 1,437 534 243 116 175 181 241 
i Fee 3,333 1,657 612 271 125 204 198 266 
1980............ 3,699 1,835 680 313 146 224 214 287 
1981........ 3,920 1,929 698 363 157 248 240 284 
Fre 4,045 1,995 713 413 156 236 253 280 
hs 6centeesean 4,468 2,246 783 472 170 273 273 250 
hs 64oebebad eh 5,030 2,573 880 539 177 311 260 290 
pee 5,726 2,990 1,002 587 213 336 292 305 
rarer 5,883 3,054 992 707 225 334 273 298 
0 eee 6,640 3,651 1,096 681 263 372 279 298 
cc hesenheses 7,023 3,856 1,143 729 310 384 304 297 
ite.ts 6444000085 7,793 4,167 1,254 840 387 437 326 382 
hee besesnks ot 8,137 4,349 1,321 795 422 479 346 426 
Pt scivathtens< 8,868 4,729 1,436 794 474 596 384 456 
eee 9,061 4,517 1,540 912 512 605 436 538 
1993............ 9,844 5,204 1,562 1,090 539 547 429 473 
1994 (est.)........ 10,610 5,520 1,678 1,206 652 591 450 513 
ee 10,839 5,774 1,816 1,113 652 570 420 494 
~ Millions of constant 1987 dollars? —— : ane 
0 PPP es 3,939 1,518 700 507 193 248 198 576 
PPP Peres 4,301 1,773 906 462 126 212 229 592 
errr 4,207 1,863 921 399 200 196 234 393 
Serres 4,523 2,319 852 386 196 198 218 353 
Pes eneciesseus 4,367 2,175 882 347 191 236 226 311 
Pre 4,394 2,222 837 374 191 227 233 309 
Se 4,663 2,290 911 399 190 242 251 382 
eee 4,913 2,411 896 407 195 293 304 405 
Dcreseenesees 5,152 2,561 946 419 194 315 306 411 
Peres 5,239 2,599 963 443 207 317 304 406 
i éts2006008e2 5,039 2,480 897 467 202 319 309 365 
Dr GKeeeceeesns 4,839 2,386 853 494 186 282 303 335 
ty 6 0440600608 5,136 2,582 900 543 195 314 314 288 
Pies 660808008 5,533 2,831 968 593 195 343 285 319 
Sree 6,072 3,171 1,062 623 226 356 310 324 
0 revi y 6,059 3,145 1,021 729 232 344 281 307 
0 Serre 6,640 3,651 1,096 681 263 372 279 298 
er 6,779 3,722 1,104 703 299 371 294 286 
Pt shu9eeeeees 7,203 3,851 1,159 776 358 404 302 353 
710 377 428 309 380 
680 407 510 329 390 
760 426 504 363 448 
886 438 445 349 385 
962 520 471 359 409 


(continued) 
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Appendix table 5-9. 
Federal obligations for academic research, by agency: 1971-95 


(page 2 of 2) 
National National Department National Department Department All 
All Institutes Science of Aeronautics & of of other 

agencies of Health Foundation Defense Space Admin. Energy’ Agriculture agencies 

—______—___—_————Percon—__—_— ——_ 
SE cv cacnebanear 100.0 38.5 17.8 12.9 49 6.3 5.0 14.6 
eer 100.0 41.2 21.1 10.8 2.9 49 5.3 13.8 
1973 ............ 100.0 443 21.9 9.5 48 4.7 5.6 9.3 
1974............ 100.0 51.3 18.8 8.5 43 44 48 78 
MMs ceieegdetes 100.0 49.8 20.2 7.9 44 5.4 5.2 7.1 
1976............ 100.0 50.6 19.1 8.5 43 5.2 5.3 7.0 
a 100.0 49.1 19.5 8.6 4.1 5.2 5.4 8.2 
1978....... een 100.0 49.1 18.2 8.3 4.0 6.0 6.2 8.2 
eee 100.0 49.7 18.4 8.1 3.8 6.1 5.9 8.0 
7 eee 100.0 49.6 18.4 8.5 3.9 6.1 5.8 78 
1981............ 100.0 49.2 17.8 9.3 4.0 6.3 6.1 7.2 
1982.......... , 100.0 49.3 17.6 10.2 3.9 5.8 6.3 6.9 
1983............ 100.0 50.3 17.5 10.6 3.8 6.1 6.1 5.6 
1984..... aneea 100.0 51.2 17.5 10.7 3.5 6.2 5.2 5.8 
Ma 66020000868 100.0 52.2 17.5 10.3 3.7 5.9 5.1 5.3 
1986......... - 100.0 51.9 16.9 12.0 3.8 5.7 46 5.1 
ts o60000ee008 100.0 55.0 16.5 10.3 40 5.6 4.2 45 
eee 100.0 54.9 16.3 10.4 44 5.5 43 4.2 
i ee 100.0 53.5 16.1 10.8 5.0 5.6 4.2 49 
eee 100.0 53.4 16.2 9.8 5.2 5.9 42 5.2 
ee 100.0 53.3 16.2 9.0 5.4 6.7 43 5.1 
ec ceustabewn 100.0 49.9 17.0 10.1 5.6 6.7 48 5.9 
eee 100.0 52.9 15.9 11.1 5.5 5.6 a4 48 
1994 (est.)........ 100.0 52.0 15.8 11.4 6.1 5.6 42 48 
SND «6.0 4:6.0:6.0 100.0 53.3 16.8 10.3 6.0 5.3 3.9 46 


NOTES: Percentages may not total! 100 because of rounding. Academic research includes basic research and applied research. 
‘Data for 1974-76 are the Energy Research and Development Administration; and for 1977-95, the Department of Energy. 
*See appendix table 4-1 for GDP implicit price deflators used to convert current dollars to constant 1987 dollars. 


SOURCES: Science Resources Studies Division (SRS), National Science Foundation, Federa/ Funds for Research and Development: Fiscal Years 1993, 1994, and 
1995, Detailed Statistical Tabies, Volume 43, NSF 95-334 (Arlington, VA: NSF, 1995); and SRS, annual series. 
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Appendix table 5-10. 
Academic research obligations, by major Federal agencies, percent by S&E field: 1993-95 (average) 
National National Department Department Department Deoartment 
Science Aeronautics & of of of Health & of 
Field Foundation Space Admin. Defense Energy Human Svcs. Agriculture 
Total science and engineering ............. 100.0 100.0 100.9 100.0 100.0 100.0 
Total sciences.......................... 86.2 79.9 63.9 84.2 99.2 95.9 
Physical sciences....................... 24.7 39.3 12.3 55.8 1.9 5.7 
 ccccecdaees 660449604 040664 2.5 14.2 0.5 0.0 0.0 0.0 
TL «eas 6 6606 606068006466%0%9 78 1.2 46 9.1 1.8 5.7 
Physics... .. 2.2... ee eee eee 10.5 19.2 7.0 46.3 0.1 0.0 
Ee 3.9 4.6 0.1 0.3 0.0 0.0 
Mathematical sciences................... 5.2 0.1 3.8 1.4 0.1 0.1 
Computer sciences ..................... 8.3 3.6 20.6 0.8 0.0 0.5 
Environmental sciences .................. 18.2 23.3 10.4 10.2 0.0 1.2 
Atmospheric sciences................... 4.0 9.3 1.2 4.7 0.0 1.0 
i. «os 05990900900900008400% 6.4 4.2 3.5 45 0.0 0.3 
Oceanography....................05.-. 4.7 2.3 5.2 0.6 0.0 0.0 
Sree 3.1 7.6 0.6 0.3 0.0 0.0 
er ee 17.3 7.0 10.8 15.1 87.1 76.9 
Agricultural sciences.................... 0.0 0.1 0.0 0.0 0.1 34.9 
Biology (excluding environmental).......... 12.2 3.5 2.4 11.6 44.0 24.4 
Environmental biology .................. 45 0.3 3.2 0.1 0.0 15.2 
Medical sciences...................... 0.0 1.5 46 3.1 41.5 2.3 
Ra nid oe h6o be 600458 0906084848 0.6 1.7 0.5 0.3 1.6 0.0 
nds penn n ene es e4eeeeerees 0.9 0.8 2.0 0.0 46 0.0 
Pe axceeoceeeseeseceveneoea 3.1 0.1 1.2 0.0 1.8 11.5 
ee ee 0.4 0.0 0.0 0.0 0.0 0.0 
Es ds wr nb bho 04 094940 04 6RERS2 0.8 0.0 0.0 0.0 0.0 9.8 
Ds. «sen 06600005 94%00060% 0.3 0.0 0.0 0.0 0.0 0.0 
Di id¢creoreneerecesesuceanenes 0.4 0.0 0.0 0.0 0.4 1.7 
Cit eeGhonndse seen seendsanedes 1.2 0.0 1.2 0.0 1.4 0.0 
I 544.0 00 000406.604000060845 8.2 4.6 2.6 0.9 3.6 0.0 
Total engineering....................... 13.8 20.1 36.1 15.8 0.8 4.1 
AeronauticaV/astronautical................. 0.2 7.7 2.7 0.0 0.0 0.0 
PE £54460004040000068000000820608 2.2 0.4 0.6 3.9 0.0 0.0 
iii ea 644009 000440004440000600% 1.6 0.0 0.7 0.6 0.0 0.0 
+ £0.56649 604008 04040400600689% 3.3 1.5 11.3 0.5 0.0 0.0 
EP é.b 2 6664094406 eR O40 ENON 4O8 1.9 2.1 6.1 1.9 0.0 0.0 
NS + 04040:0040000500000000004040 1.4 3.9 11.5 3.7 0.0 0.0 
TE ht ie ee eee hi ie kd 3.2 4.5 3.1 5.3 0.8 4.1 


NOTES: Data for 1994 and 1995 are estimates. Research includes both basic and applied research. The six agencies reported are the only ones that report their 
research obligations to academia by science and engineering field. They represent approximately 97 percent of academic research obligations. 


SOURCES: Science Resources Studies Division (SRS), National Science Foundation, Federa/ Funds for Research and Development: Fiscal Years 1993, 1994, and 
1995, Detailed Statistical Tables, Volume 43, NSF 95-334 (Arlington, VA: NSF, 1995); and SRS, annual series. 


See figure 5-6. 
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Appendix table 5-11. 
Federal academic research obligations, by S&E field, percent provided by major Federal agencies: 1993-95 (average) 
National National Department Department Department Department 
Science Aeronautics & of of of Health & of 
Field Foundation Space Admin. Defense Energy Human Svcs. Agriculture 
Total science andengineering............. 16.7 6.1 11.3 5.7 55.9 43 
Total sciences.......................5.. 15.9 5.4 7.9 5.2 61.0 45 
Physical sciences...................44.5. 33.4 19.4 11.2 25.5 8.5 2.0 
6c kc ageeene £0enbdeeaetes 31.5 64.1 44 0.0 0.0 0.0 
er ee 35.6 2.1 14.4 14.2 27.1 6.7 
CP soudenene eens eeeeseeeceeeerse 27.4 18.3 12.3 40.8 1.1 0.0 
0 ere 67.6 29.2 1.2 1.9 0.0 0.0 
Mathematical sciences................... 59.3 0.5 29.5 5.3 5.0 0.4 
Computer sciences ..................... 34.8 5.4 57.9 1.2 0.2 0.5 
Environmental sciences .................. 48.5 22.7 18.8 9.2 9.0 0.8 
Atmospheric sciences................... 40.0 33.6 8.0 15.9 0.0 2.5 
Earth sciences...................2.0.4.. 53.8 12.9 19.8 13.0 0.0 0.6 
Oceanography..................00005. 50.9 9.2 37.8 2.2 0.0 0.0 
i cee neeaweeteedesenseeverse 48.6 43.4 6.3 1.7 0.0 0.0 
ieee a nadee eee e sen eeees 5.0 0.7 2.1 1.5 84.8 5.8 
Agricultural sciences.................... 0.0 0.4 0.0 0.2 2.3 97.1 
Biology (excluding environmental).......... 7.1 0.7 1.0 2.3 85.3 3.6 
Environmental biology .................. 42.1 0.9 20.1 0.3 0.1 36.6 
i: «oe 65 66980 46464480290 0.0 0.4 2.2 0.7 96.3 0.4 
tht. i peedenanceeses 66408060000" « 8.7 8.9 48 1.6 76.0 0.0 
Rs 04:5 4946052095200804400008 4.8 1.6 7.4 0.0 86.2 0.0 
EL cLskireehbed-0erebnasee ee 23.9 0.2 6.2 0.0 46.5 23.1 
Es seed eeseehecoussedanner 97.1 0.0 2.8 0.0 0.0 0.1 
ts éo6h% 6-0 6090 60040040685 TT 24.0 0.0 0.1 0.0 2.3 73.5 
| ___, ee 99.7 0.0 0.0 0.0 0.3 0.0 
PT + 62% kes pew eseeeeeeeessesecs 16.8 0.7 0.1 0.0 62.1 20.4 
ehhh thnebee ede 00» 609960000088 17.8 0.1 12.0 0.0 70.1 0.0 
£20 6 6466596 0008s 08 ER OR O4 34.6 7.0 7.3 1.3 49.8 0.0 
Total engineering........ 2.2... eee, 25.2 13.4 44.5 9.8 5.1 1.9 
AeronauticaV/astronautical................. 3.6 58.8 37.6 0.0 0.0 0.0 
CE £0 4 6¢o-400664 0800 ca 6s eeeeenee 53.8 4.0 10.3 32.0 0.0 0.0 
| FPP TT TEE Te TT ETT TTT ree - 69.5 0.5 21.4 8.6 6.0 0.0 
0.6.69 6-0644048 6 6600200600 0008% 28.3 47 65.7 1.3 0.0 0.0 
ads 6ohe ese 5eseeeenesesbeeen 25.7 10.4 55.5 8.4 0.0 0.0 
Dr ceeee ee eeeceneeenrecegatess 11.5 12.0 65.8 10.8 0.0 0.0 
TE tip ie hee ei es eee nes thee bin be 25.6 13.0 16.6 14.1 22.3 8.3 


NOTES: Data for 1994 and 1995 are estimates. Research includes both basic and applied research. The six agencies reported are the only ohes that report their 
research obligations to acadeimia by science and engineering field. They represent approximately 97 percent of academic research obligations. 


SOURCES: Science Resources Studies Division (SRS), National Science Foundation, Federal Funds for Research and Development: Fiscal Years 1993, 1994, and 
1995, Detailed Statistical Tables, Volume 43, NSF 95-334 (Arlington, VA: NSF, 1995); and SRS, annual series. 


See figure 5-7. 
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Appendix table 5-12. 
Square footage of total, new construction, and repair/renovation of academic R&D space, by field: 1986-95 


1986-87 1988-89 1990-91 1992-93 1994-95 


Field actual actual! actual actual actual/plan 
Thousands of square feet 
Total space 

Total, alifields 9.6 ee eee ee NA 112,062 116,327 122,015 127,369 
RD gcc ccecccevcecceceeseeeeteeeeetes eeeneeenen NA 16,024 16,121 16,353 17,001 
RmTROIROMORIGCIOROOS .. 2... ccc ccc cc cece c ccc cccccccceess NA 722 790 829 937 
tn nnn nc cig eee yess eeeteeednnensseseesas eens ; NA 1,437 1,445 1,606 1,779 
I oo oc 50555 090604060000000666020080000000% NA 6,313 6,056 6,728 7,053 
ED «66. 5006 ¥946400000000002080 468485088 ESEROERES NA 17,622 20,821 19,910 20,120 
EE ov isn 000s o6apesnniseseseessantesesenenceantsess NA 23,910 26,154 27,721 27,857 
ER 5.500 co cee eeeeehesehhsgdss'etneeeennsc 4etenseece NA 19,363 19,721 22,374 22,868 
a 56 0 60h 0406004440540 0000000bRs O84NENsRETEIERTRETS NA 3,085 2,978 2,984 3,178 
EER. «4 60.0 0.64.9 644600006096-00000 60006060 6000004500000005 NA 3,337 3,338 3,253 3,403 
PE «.cccccsesenesetesdtetesesenseneekeeseseesateess NA 4,350 1,846 2,162 2,442 
oii ed wad hohe pie ee eee ee eee NA 15,900 17,057 18,095 20,730 

New construction 

nn ot oe eee es nabeusseesteshbeneesasedhsensaereanees 9,922 10,647 11,433 10,922 11,060 
+ 96949 65.600 6400.00465900000006062690900060R0088 799 2,000 1,609 1,257 817 
IL, « 9 0.0.5 05566080400 £40K0066 60 $000600000056081 9 25 46 44 46 
I ns 3 00g 04 ncgsbbeneekneeseebenseneccnsesetas 237 286 293 172 232 
EE 2600000006 460h06 keene edeneesenneces 380 324 529 502 232 
rE 9 0656099069004000466000s 05000090089 000000008 1,513 1,146 955 1,218 1,690 
EE. <7 55 66 94000ese Goes 660060ERbhOREENTS CbR00R C04 1,708 2,262 2,800 2,18S 2,076 
INS 6-«.0 ics 40 bb 04s 0060004000002 0008S 0060000008064 1,948 2,253 2,961 3,823 3,292 
si: < te beghs 600000b0000000000600000006400000506080008 132 115 164 78 159 
EL, «54644000005 0000060200000000000006600000000086064 202 329 - 221 249 
DEE cc, cunkweneesd0eenedecuetesheeuthseseeesseteest 603 418 380 420 206 
FT TTT Terry err rr rT TTT rT ery TT ere rt Tee 2,390 1,490 1,697 1,065 2,056 

Repaired/renovated space 

EE i555 40.0006 000.66060040440006004 05 040050000000504% 13,431 11,449 8,606 9,134 9,219 
EL + 2.5 00.060:606660006096¢00600000000000 600000066056 1,746 1,928 1,680 1,725 1,605 
i «4000066608 00005 60066600008 050666000600800 37 136 39 11 78 
Es 4 is os 3666.00 060060008 0NG8O0000600400668E802 193 144 164 54 200 
ET +. 004 66-9 066-0090606604600000000400000066008 362 930 450 418 194 
ED & 4.5 9406-6660 000000060066000600006009000 086802 628 530 391 335 913 
EE a6 690 0060600s00so0deeneeeeeeeeeebncrecacecyes 3,611 3,461 2,356 2,169 1,995 
en «0050.66 66640496005 09525 0006008408 42000450005 3,236 2,302 2,070 1,962 2,194 
ED 26-66) ¢.4¢-0.0400.0 660.000000568660 4000800008602 00008 80008 256 88 254 141 94 
ER «65> 06 8o0-68 6600 606060090%0600000008 560000000688 181 119 - 236 103 
DED 0.66.06 00800500660560660666060000 60009000000060648 465 180 42 152 49 
Ns + 0065004664600606060066060666400000b0neeebdb0 00008 2,716 1,630 1,159 1,932 1,789 


NA = not availabie. — = data ‘ncluded with psychology 


NOTES Data for 2 years are combined—e.g., 1988-89 refers to 2 fiscal years. In the 1986-87 period, data were not reported for total RAD space. Square footage 
refers to net assignable square footage. Total space is actual space reported. New construction and repair/renovation for 1994 are planned rather than actual space. 


SOURCE. Science Resources Studies Division, National Science Foundation, Scientific and Engineering Research Facilities at Universities and Colleges: 1994, 
Volume |!, Detailed Statistical Tables, NSF 94-316 (Arlington, VA: NSF. 1994). 


See figure 5-9 
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Appendix table 5-13. 
Cost of academic }&D new construction and repair/renovation projects, by fie’ 1986-95 


1986-87 1988-89 1990-91 1992-93 1994-95 1986-87 1988-89 1990-91 1992-93 1994-95 
Field actual actual actual actual planned actual actual actual actual planned 
—————Total cost in millions of dollars‘ Cost per square foot in dollars 
New construction 

Total, alifields............. 2,051 2,464 2,976 2,812 3,020 207 231 260 257 273 
Physical sciences .......... 182 401 430 337 364 228 201 267 268 446 
Mathematica! sciences ...... 2 8 12 10 11 222 320 261 227 239 
Computer sciences ......... 61 65 40 47 83 257 227 137 273 358 
Environmental sciences ..... 57 82 170 123 55 150 253 321 245 237 
Agricultural sciences ........ 150 152 175 210 281 99 133 183 172 166 
Biological sciences ......... 463 577 832 633 676 271 255 297 289 326 
Medical sciences........... 505 647 807 999 813 259 287 273 261 247 
Psychology ............... 23 25 36 16 50 174 217 220 205 314 
Social sciences ............ 38 48 - 44 66 188 146 - 199 265 
Other sciences ............ 139 70 79 106 71 231 167 208 252 345 
Engineering ............... 430 388 395 286 550 180 260 233 269 268 

Repair/renovation 

Total, alifields ............ 838 1,010 826 837 978 62 88 96 92 106 
Physical sciences .......... 105 165 151 134 202 60 86 30 78 126 
Mathematical sciences ...... 4 11 6 £ 8 108 81 154 182 103 
Computer sciences ......... 17 4 21 4 23 88 63 128 74 115 
Environmental sciences ..... 21 18 16 31 17 58 19 36 74 88 
Agricultural sciences ........ 20 23 35 14 79 32 43 90 42 87 
Biological sciences ......... 225 201 258 224 226 62 58 110 103 113 
Medical sciences........... 226 185 219 252 241 70 80 106 128 110 
ET ses4ecdseenees 14 11 31 10 12 55 125 122 71 128 
Social sciences ............ 36 8 - 10 14 199 67 - 42 136 
Other sciences ............ 30 17 6 7 4 65 94 143 46 82 
Ds (etc¢eedenneee 141 361 82 139 152 52 221 71 72 85 

~ = Gata included with psychology 


NOTES Data for 2 years are combined—e.g , 1986-89 refers to 2 fiscal years. Square foot refers to net assignabie square feet 


‘Project cost estimates are prorated to reflect R&D component only. 


SOURCE: Science Resources Studies Division, National Science Foundation, Scientific and Engineenng Research Facilities at Universities and Colleges. 1994. 
Volume |i, Detailed Statistical Tables, NSF 94-316 (Arlington, VA: NSF, 1994). 
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Appendix table 5-14. = 
Amount of funds for new construction and repair/renovation of science and engineering research space. by source of funds and type of institutional = 
control: 1986-93 ° 


New construction Repair/renovation 
1986-87 1988-89 1990-91 1992-93 1986-87 1988-89 1990-91 1992-93 
Source of funds and type of institutional control actuai actual actual actual actual actual actual! actual! 
Millions of dollars 
Total, ail institutions __. eekueeeeus 2,050.6 2,464 5 2,975.6 2,810.8 837.9 1,009.5 825.7 835.4 
Federal Government.................. 145.4 352.0 476.3 459.3 27.3 61.1 49.0 56.2 
State and local government ............ 779.1 890.7 956.6 968.0 233.1 233.8 243.0 2524 
Private donations .................... 4875 459.2 352.6 301.0 101.0 52.1 100.6 73.0 
institutional funds ................ - 289.8 343.8 394.1 374.3 328.0 570.8 355.4 332.0 
Tax-exempt bonds ................... 313.1 320.2 727.5 620.3 137.6 69.9 66.4 81.0 
Otherdebt........................ 3.1 95.9 35.4 39.0 3.8 15.9 8.0 27.0 
DE onctduneduseddosuséebseeneeees 31.9 08 33.1 50.0 74 52 3.2 16.2 
Total, public institutions —_—s_.. seme 1,354.8 1,727.0 2,020.0 2,016.4 435.9 698.5 449.3 520.4 
Federal Government .................. 40.3 2743 388.1 325.8 13.2 31.4 246 34.3 
State and local government ........... 7545 838.4 809.4 929.8 226.6 229.3 233.5 237.1 
Private donations _............... - 259.1 192.9 139.1 152.5 15.0 22.0 43.8 24.9 
institutional funds ......... seueeeeaun 109.2 256.3 270.2 198.3 155.1 403.5 134.6 154.4 
Tax-exempt bonds ........ .......... 189.5 154.4 398.6 390.5 25.5 66 12.1 55.9 
Other debt........ saceeeneeaous ces 2.4 8.1 78 16.2 0.3 49 0.0 1.6 
co + + pesegeanegeeeeseesetorenes 0.2 0.6 6.9 3.3 0.2 0.0 0.6 11.9 
Total, private institutions ............. 695.8 737.5 955.6 795.5 402.0 311.0 376.4 3146 
Federal Government .................. 105.1 77.7 88.2 133.5 14.1 29.7 24.4 218 
State and local government ............ 24.6 52.3 147.2 38.8 6.5 45 95 15.0 
Private donations .................... 228.4 266.3 213.5 148.5 86.0 30.1 56.8 475 
institutional funds .................... 180.6 87.5 123.9 176.1 172.9 167.3 220.8 176.3 
Tax-exempt bonds pobe enntesecdeces 123.6 165.7 328.9 229.6 112.1 63.3 543 245 
EL brat 0606 0600soetdrere be 0.7 87.8 27.6 22.7 3.5 11.0 8.0 25.2 
i a al i eis Bee 31.7 0.2 26.2 46.4 7.2 5.2 2.6 4.3 


NOTE: Data for 2 years are combined—e.g., 1988-89 refers to 2 fiscal years. 


SOURCE: Science Resources Studies Division, Nationa! Science Foundation, Scientific and Engineering Research Facilities at Universities and Colleges. 1994, Volume |i, Detailed Statistical Tables, NSF 94-316 (Arlington. 
VA: NSF. 1994) 


See figure 5-8 
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Appendix table 5-15. 


Distribution of tunds for new construction and repair/renovation of science and engineering research space, by source of funds and type of institutional 


control: 1986-33 
New construction ~e a ____ Repair/renovation = 
1986-87 1986-89 1990-91 1992-93 1986-87 1988-#3 1990-91 1992-93 
Field actual actual actual actual actual actual actual actual 
Percent 

Total, all institutions 
Federal Government .................. 7.1 14.3 16.0 16.3 3.3 6.1 5.9 6.7 
State and local government ............ 38.0 36.1 32.1 344 278 23.2 29.4 30.2 
Private donations .............. ‘oees 23.8 18.6 118 10.7 12.1 52 12.2 8.7 
institutional funds .................... 14.1 14.0 13.2 13.3 39.1 56.5 43.0 39.7 
Tax-exempt bonds ................... 15.3 13.0 24.4 22.1 16.4 69 8.0 97 
Other debt... ccc eee 0.2 3.9 1.2 1.4 05 1.6 1.0 3.2 
i 000d 0 teeekeugeaedeenseseeeees 16 0.0 1.1 18 0.9 05 04 19 

Total, pubiic institutions 
Federal Government.................. 3.0 15.9 19.2 16.2 3.0 45 5.5 6.6 
State and local government ............ 55.7 48.5 40.1 46.1 52.0 32.8 52.0 45.6 
Private donations ......... 2... 6. eens 19.1 11.2 6.9 76 3.4 3.1 97 48 
institutional funds .................... 8.1 14.8 13.4 98 35.6 578 30.0 29.7 
Tax-exempt bonds ................... 14.0 8.39 19.7 19.4 58 0.9 2.7 10.7 
DT + <<cscssekksaboonagadaene 0.2 0.5 04 08 0.1 0.7 0.0 0.3 
NS al ae ee eee epeunaad ens 0.0 0.0 0.3 02 0.0 0.0 0.1 2.3 

Total, private institutions ............. 
Federai Government .................. 15.1 10.5 92 16.8 3.5 95 6.5 6.9 
State and local government ........... 3.5 7.1 15.4 49 16 14 25 48 
Private donations ................. 32.8 36.1 22.3 18.7 21.4 9.7 15.1 15.1 
institutional funds ................ 26.0 11.9 13.0 22.1 43.0 53.8 58.7 56.0 
ED ccna sega ndewde Ud 178 22.5 34.4 28.9 273 20.4 14.4 78 
NEE re ee 0.1 11.9 2.9 29 0.9 3.5 2.1 8.0 
Pe ey ae ee 46 0.0 2.7 5.8 18 1.7 0.7 1.4 


NOTE: Data for 2 years are combined—e.g.. 1988-89 refers to 2 fiscal years 


SOURCE. Science Resources Studies Division, National Science Foundation. Scientific and Engineering Research Facilities at Universities and Colleges. 1994, Volume |i, Detailed Statistical Tables, NSF 94-316 (Arlington. 


VA: NSF 1994) 


See figure 5-8 
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Appendix table 5-16. ~ 
Percentage of total stock of science and engineering research space, by condition and field: 1988-94 & 
2 
Suitable for use in most scientifically cffective for most use, but not most Requires limited repair/renovation to Requires major repair/renovation to Requires 
sophisticated research scientifically sophisticated research be used effectively be used effectively’ replacement 

Field 1988 1990 1992 1994 1988 1990 1992 1994 1988 1990 1992 1994 1988 1990 1992 1994 1992 1994 
Physical sciences ............... 25.7 263 299 248 34.5 33.5 32.5 33.8 223 23.7 23.0 23.8 17.5 16.5 12.5 15.3 2.1 2.3 
Mathematical sciences ........... 295 25.9 306 226 45.3 446 47.1 470 194 21.9 17.5 24.9 5.8 76 3.0 4.1 1.8 1.3 
Computer sciences .............. 326 383 439 35.2 35.0 35.5 35.4 409 162 18.0 13.7 17.9 16.2 8.1 6.0 47 1.0 1.2 
Environmental sciences .......... 18.7 18.7 225 22.1 40.6 40.4 41.9 35.9 26.0 26.1 23.7 22.9 14.7 14.8 9.5 13.0 2.4 6.0 
Agricultural sciences............. 212 203 168 182 32.5 33.6 34.3 32.0 262 24.1 22.7 27.4 20.0 22.0 18.5 13.6 7.7 8.8 
Biological sciences 

Universities and colleges ....... 23.2 27.5 255 226 36.2 34.3 32.6 31.0 25.0 242 267 27.1 15.5 14.0 12.5 14.2 2.8 5.0 

Medical schools ........... .. 62 Hs 386 369 34.0 33.5 30.2 32.2 165 18.9 17.4 15.8 13.4 13.2 12.5 13.3 1.4 1.8 
Medical sciences 

Universities and colleges ....... 18.1 24.0 24.4 257 40.1 35.1 34.4 344 272 238 240 23.3 14.6 17.0 13.8 11.8 3.4 4.7 

Medical schools .............. 25.2 28.4 29.7 33.7 35.1 34.4 33.3 29.1 23.1 23.7 22.3 20.5 16.6 13.4 12.6 13.5 2.0 3.3 
EE 23.2 20.5 222 228 43.7 46.6 46.9 462 208 214 209 26.1 12.3 11.6 9.0 11.1 1.0 2.0 
Ser oper 14.8 17.2 17.1 14.4 47.7 45.0 42.8 462 267 28.1 26.7 28.2 10.8 9.8 12.2 9.0 1.2 1.9 | 
ED eeds ee aeweau-aiewe 26.1 27.9 284 31.4 37.6 35.6 36.1 32.3 224 220 22.2 21.3 13.9 14.5 10.8 12.1 2.4 2.8 


‘The data for 1988 and 1990 in this category include space requiring replacement. 


SOURCE: Science Resources Studies Division, National Science Foundation, Scientific and Engineering Research Facilities at Universities and Colleges: 1994, Volume |i, Detailed Statistical Tables, NSF 94-316 (Arlington, 
VA: NSF, 1994). 
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Appendix table 5-17. 
Adequacy of the amount of science and engineering research space, by field: 1988-94 


Total Adequate " _ Generally adequate ____sss—smadequate 
Field 1988 1990 1992 1994 1988 1990 1992 1994 1988 1990 1992 1994 1988 1990 1992 1994 
Number of institutions — Percentage of institutions’ assessments EEE 
Eee 445 450 433 489 4.7 8.7 10.6 6.4 52.4 50.8 52.3 53.1 42.9 40.5 37.0 40.5 
Mathematical sciences ........... 318 296 300 348 21.0 17.6 16.1 16.0 53.6 47.2 58.6 55.5 25.4 35.2 25.3 28.3 | 
Computer sciences .............. 331 280 297 347 15.1 13.5 12.9 15.5 38.2 415 56.7 48.3 46.9 45.0 30.3 36.0 
Environmental sciences .......... 297 284 314 310 11.0 11.1 10.5 7.2 49.4 48.4 59.4 59.6 39.5 40.5 30 1 33.2 
Agricultural sciences............. 96 94 96 123 11.0 17.0 17.5 10.5 51.2 39.9 48.2 59.7 37.7 43.1 34.3 29.6 
Biological sciences .............. | 
Universities and colleges ....... 444 451 434 490 8.3 8.7 10.8 6.2 45.8 48.2 51.8 53.7 45.9 43.1 37.4 40.1 
Medical schools .............. 91 105 125 132 3.7 10.4 3.6 10.6 47.3 35.5 60.5 53.5 49.0 54.1 35.9 35.5 
Medical sciences ............... 
Universities and colleges ....... 191 189 210 243 14.3 13.0 14.2 11.7 46.0 40.3 50.1 50.3 39.7 46.7 35.7 38.2 
Medical schools .............. 134 141 146 126 0.8 7.0 42 10.8 52.6 33.8 54.1 44.8 46.6 59.2 418 44.0 
es iis 5 Oe hbs Ghee «4 00 403 398 388 425 16.8 13.2 17.2 14.8 51.4 54.3 50.0 53.9 31.8 32.4 32.9 31.2 
Ne eee ea eee 360 345 328 378 12.9 12.7 8.2 7.2 50.2 51.0 64.4 63.4 36.9 36.2 27.4 29.3 
ER << i» 666504900004. 90 69 71 63 10.4 16.9 14.0 15.0 51.3 39.2 449 50.0 38.4 44.0 41.1 36.5 
FP ee 283 296 290 297 8.7 10.6 5.8 6.7 40.1 40.8 49.1 53.3 51.1 48.6 45.1 40.5 


SOURCE: Science Resources Studies Division, National Science Foundation, Scientific and Engineering Research Facilities at Universities and Colleges: 1994, Volume |i, Detailed Statistical Tables, NSF 94-316 (Arlington, 
VA: NSF. 1994). 
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Appendix table 5-18. 


Current fund expenditures for research equipment at academic institutions, by field: 1983—93 


(page 1 of 2) 
Field 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
Thousands of current dollars 
Total expenditures 

Total, alifiedds................ 450,740 536,793 671,614 782,884 837,000 911,967 986,069 1,012,479 1,023,866 1,032,446 1,037,847 
Physical sciences ............. 80,743 103,521 141,836 162,888 166,190 181,410 180,749 191,108 189,391 198,206 205,830 
Mathematical sciences ......... 3,741 5,331 6,017 6,827 9,789 9,736 10,261 10,215 10,613 10,205 15,378 
Computer sciences ............ 19,945 22,253 35,458 42,590 42,792 42,741 43,009 48,005 58,450 45,013 52,999 
Environmental sciences ........ 31,057 41,216 47,791 51,291 55,355 55,789 67,467 72,155 69,733 77,016 75,624 
Life sciences ................. 209,284 243,011 282,598 330,601 335,347 379,443 431,024 420,000 411,284 428,785 416,690 
Psychology .................. 6,528 7,310 8,703 8,656 10,567 9,579 10,635 10,712 11,068 11,133 15,417 
Social sciences ............... 9,462 13,824 10,077 14,082 11,803 11,865 14,482 15,101 14,163 18,043 19,299 . 
a  e 10,430 10,318 14,723 20,070 26,831 25,932 26,496 25,077 25,192 19,103 19,235 
SR ear 79,550 90,009 124,411 145,879 178,326 195,472 201,946 220,106 233,972 224,942 217,375 

Federal expenditures 

Total, alifields................ 280,610 341,846 432,324 501,298 526,384 576,476 595,368 606,134 610,170 616,844 635,091 
Physical sciences ............. 63,660 82,674 113,229 130,487 130,530 142,751 133,180 143,973 139,262 151,540 152,248 
Mathematical sciences ......... 2,483 4,088 4,939 5,193 7,596 7,593 6,934 6,722 6,671 6,956 11,341 
Computer sciences ............ 14,498 16,853 29,414 35,132 33,932 34,736 30,925 31,571 43,618 29,600 37,202 
Environmental sciences ........ 19,163 29,273 32,311 34,972 35,914 36,655 44,586 47,490 42,723 51,598 53,414 
Ns hs nec kee o6 kt 114,965 137,271 157,087 188,445 187,842 215,016 237,798 223,364 220,443 229,724 226,291 
See 4,547 4,988 6,217 5,851 8,089 6,548 6,938 6,807 7,108 7,067 10,555 
Social sciences ............... 3,109 3,894 4,035 4,278 3,456 3,310 4,861 4,918 5,170 7,777 7,756 
Other sciences ............... 6,241 5,598 6,793 11,722 13,706 12,057 13,151 11,548 9,640 5,891 8,564 
 cnces bs eeenbs dens 51,944 57,207 78,299 85,218 105,319 117,810 116,995 129,741 135,535 126,691 127,720 

Nonfederal expenditures 

Total, alifields................ 170,130 194,947 239,290 281,586 310,616 335,491 390,701 406,345 413,696 415,602 402,756 
Physical sciences ............. 17,083 20,847 28,607 32,401 35,660 38,659 47,569 47,135 50,129 46,666 53,582 
Mathematical sciences ......... 1,258 1,243 1,078 1,634 2,193 2,143 3,327 3,493 3,942 3,249 4,037 
Computer sciences............ 5,447 5,400 6,044 7,458 8,860 8,005 12,084 16,434 14,832 15,413 15,797 
Environmental sciences ........ 11,894 11,943 15,480 16,319 19,441 19,134 22,881 24,665 27,010 25,418 22,210 
ae hkneneeees 54s 94,319 105,740 125,511 142,156 147,505 164,427 193,226 196,636 190,841 199,061 190,399 
ET eh ko n08 44 oeeas 1,981 2,322 2,486 2,805 2,478 3,031 3,697 3,905 3,960 4,066 4,862 
Social sciences ............... 6,353 9,930 6,042 9,804 8,347 8,555 9,621 10,183 8,993 10,266 11,543 
Other sciences ............... 4,189 4,720 7,930 8,348 13,125 13,875 13,345 13,529 15,552 13,212 10,671 
SS 6c pnshndeeckenses 27 606 32,802 46,112 60,661 73,007 77,662 84,951 90,365 98,437 98,251 89,655 

(continued) 
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Current fund expenditures for research equipment at academic institutions, by field: 1983-93 


(page 2 of 2) 
Field 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
Thousands of constant 1987 dollars' 
Total expenditures 

Total, alifields................ 518,092 590,531 712,210 806 266 837,000 880,277 911,339 903,999 877,349 859.655 843,778 
Physical sciences ............. 92,808 113,884 150,409 167,753 166,190 175,106 167,051 170,632 162,289 165,034 167,341 
Mathematical sciences ......... 4,300 5,865 6,381 7,031 9,789 9,398 9,483 9,121 9,094 8,497 12,502 
Computer sciences............ 22,925 24,481 37,601 43,862 42,792 41,256 39,750 42 862 50,086 37,480 43,089 
Environmental sciences ........ 35,698 45,342 50,680 52,823 55,355 53,850 62,354 64,424 59,754 64,127 61,483 
Life sciences ................. 240,556 267,339 299,680 340,475 335,347 366,258 398,359 375,000 352,428 357,023 338,772 
Psychology .................. 7,503 8,042 9,229 8,915 10,567 9,246 9,829 9,564 9,484 9,270 12,534 
Social sciences ............... 10,876 15,208 10,686 14,503 11,803 11,453 13,384 13,483 12,136 15,023 15,690 
Other sciences ............... 11,989 11,351 15,613 20,669 26,831 25,031 24,488 22,390 21,587 15,906 15,638 
Engineering... .. 2... e cece eee 91,437 99,020 131,931 150,236 178,326 188,680 186,641 196,523 200,490 187,296 176,728 

Federal expenditures 

Total, alifieids................ 322,540 376,068 458,456 516,270 526,384 556,444 550,248 541,191 522,853 513,609 516,334 
Physical sciences ............. 73,172 90,950 120,073 134,384 130,530 137,791 123,087 128,547 119,333 126,178 123,779 
Mathematical sciences ......... 2,854 4,497 5,238 5,348 7,596 7,329 6,409 6,002 5,716 5,792 9,220 
Computer sciences ............ 16,664 18,540 31,192 36,181 33,932 33,529 28,581 28,188 37,376 24,646 30,246 
Environmental sciences ........ 22,026 32,204 34,264 36,016 35,914 35,381 41,207 42,402 36,609 42,963 43,426 
ER en eae eeewekn 132,144 151,013 166,582 194,073 187,842 207,544 219,776 199,432 188,897 191,277 183,976 
aie on 00.0:0.409.54 5,226 5,487 6,593 6,026 8,089 6,320 6,412 6,078 6,091 5,884 8,581 
Social sciences ............... 3,574 4,284 4,279 4,406 3,456 3,195 4,493 4,391 4,430 6,475 6,306 
Other sciences ............... 7,174 6,158 7,204 12,072 13,706 11,638 12,154 10,311 8,260 4,905 6,963 
FSGS ee 59,706 62,934 83,032 87,763 105,319 113,716 108,128 115,840 116,140 105,488 103,837 

Nonfederal expenditures 

Total, alifields ............... 195,552 214,463 253,754 289,996 310,616 323,833 361,091 362,808 354,495 346,047 327 444 
Physical sciences ............. 19,636 22,934 30,336 33,369 35,660 37,316 43,964 42,085 42,955 38,856 43,563 
Mathematical sciences ......... 1,446 1,367 1,143 1,683 2,193 2,069 3,075 3.119 3,378 2,705 3,282 
Computer sciences ............ 6,261 5,941 6,409 7,681 8,860 7,727 11,168 14,673 12,710 12,833 12,843 
Environmental sciences ........ 13,671 13,139 16,416 16,806 19,441 18,469 21,147 22,022 23,145 21,164 18,057 
Es oe ks oes ot ebdt 108,413 116,326 133,098 146,402 147,505 158,713 178,582 175,568 163,531 165,746 154,796 
i nib ke66 eens heres 2,277 2,554 2,636 2,889 2,478 2,926 3,417 3,487 3,393 3,386 3,953 
Social eclences ............... 7,302 10,924 6,407 10,097 8,347 8,258 8,892 9,092 7,706 8,548 9,385 
iE. ! ok ene pbb aeie 4.815 5,193 8,409 8,597 13,125 13,393 12,334 12,079 13,326 11,001 8,676 
ee 31,731 36,086 48,899 62,473 73,007 74,963 78,513 80,683 84,350 81,808 72,880 


‘See appendix table 4-1 for GDP implicit price deflators used to convert current doilars into constant 1987 dollars. 
SOURCES: Science Resources Studies Division (SRS), National Science Foundation, Academic Science and Engineering R&D Expenditures Fiscal Year 1993, Detailed Statistical Tables, NSF 95-332 (Arlington, VA: NSF. 


1995): and SRS. annual series. 


See figure 5-10. 
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Appendix table 5-19. 
Academic employment and R&D activity of doctoral scientists and engineers, by field of degree and sex: selected years 


Total employment Active in R&D 
Field 1979 1981 1989 1991 1993 1979 1981 1989 1991 1993 1979 1981 1989 1991 1993 
Number Percent 
Total 
Total science and mes ... 154,732 166,496 205.276 209,416 212,862 89,776 100.607 150,885 156,160 149,848 58.0 60.4 73.5 746 70.4 
Total sciences . ae .... 138,937 150,355 182,439 186,644 189,719 79,964 91,080 133,227 137,985 132,320 57.6 60.6 73.0 73.9 69.7 
Physical sciences ............ 24580 25336 27,692 27,682 28,645 15.412 16297 20819 20,760 20,028 62.7 64.3 75.2 75.0 69.9 
Mathematics ................ 12,186 12,377 14,484 15.226 15,476 6.895 6817 10236 10,745 9,517 56.6 55.1 70.7 70.6 61.5 
Computer science ........... 80 280 1,494 1,955 2,527 69 271 1,323 1,685 1,998 86.3 96:8 88.6 86.2 79.1 
Environmental sciences ........ 4,236 4564 5,859 6,049 6,436 2,741 3,174 4,917 5,096 5,015 64.7 69.5 83.9 84.2 77.9 
Life sciences ........... .... 46,981 51,320 64,700 66,942 68,193 32,046 37,115 51,711 53,341 51,765 68.2 72.3 79.9 79.7 759 
Psychology ................. 17,716 20,110 25,003 25,177 24,963 8256 9917 14,342 15,689 14,931 46.6 49.3 57.4 62.3 59.8 
Social sciences ........... .. 33,158 36,368 43,207 43,613 43,479 14.545 17,489 29879 30,669 29,066 43.9 48.1 69.2 70.3 66.9 
Engineering................... 15.795 16,141 22837 22,774 23,143 9812 9527 17,658 18,175 17,528 62.1 59.0 77.3 79.8 75.7 
Males 
Total science and epee ... 135,513 143,565 167,064 167,969 166,393 79,621 87,155 123,850 126,520 119,363 58.8 60.7 74.1 75.3 71.7 
Total sciences .......... .... 119,872 127,666 144,892 146,167 144,300 69,912 77,806 106,778 109,217 102,611 58.3 60.9 73.7 74.7 71.1 
Physical sciences ............ 22,876 23,461 25.219 25.372 25,739 14.496 15223 19,049 19,143 18,123 63.4 64.9 75.5 75.4 70.4 
Mathematics ................ 11,243 11,315 13,022 13,875 13,745 6.421 6,254 9,302 9,792 8,600 57.1 55.3 71.4 70.6 62.6 
Computer science ............ 71 255 1,267 1,604 2,061 62 255 1,138 1,401 1,664 87.3 100.0 89.8 87.3 80.7 
Environmental sciences ........ 4,040 4.328 5,269 5,370 5,712 2,603 2,986 4,414 4523 4,465 64.4 69.0 83.8 84.2 78.2 
Life sciences ................ 40.046 42921 49399 50,112 49,415 27,362 31,048 39,852 40,202 38,294 68.3 72.3 80.7 80.2 77.5 
ins +5 6Raa on des oe’ 13,459 14877 16479 15,951 14,701 6,409 7,451 9440 10,352 9,073 47.6 50.1 57.3 64.9 61.7 
Social sciences .............. 28.137 30,509 34,237 33,885 32,928 12,559 14589 23,583 23,803 22,391 446 47.8 68.9 70.2 68.0 
ccs bse dednereubas 15.641 15899 22,172 21,802 22,093 9709 9349 17,072 17,303 16,752 62.1 58.8 77.0 79.4 75.8 
Females 

Total science andengineering ... 19.219 22,931 38,212 41,447 46,469 10,155 13,452 27,035 29,640 30,485 52.8 58.7 70.8 71.5 65.6 
i cet ibs nay eas 19,065 22689 37,547 40477 45,419 10,052 13,274 26449 28,768 29,709 52.7 58.5 70.4 71.1 65.4 
Physical sciences ............ 1 704 1875 2,473 2,310 2,906 916 1,074 1,770 1617 1,905 53.8 57.3 71.6 70.0 65.6 
Mathematics eth tacos we 943 1,062 1,462 1,351 1,731 474 563 934 953 917 50.3 53.0 63.9 70.5 53.0 
Computer science ............ - ~ 227 351 466 - - 185 284 334 - - 815 80.9 71.7 
Environmental sciences ........ 196 236 590 679 724 138 188 503 573 550 70.4 79.7 85.3 84.4 76.0 
Lifesciences .......... he 6,935 8.399 15.301 16830 18,778 4684 6067 11859 13,139 13,471 67.5 72.2 775 78.1 71.7 
a i ncae whb ese 66 66 4,257 5.233 8,524 9.226 10,262 1847 2,466 4,902 5,337 5,858 43.4 47.1 57.5 57.8 57.1 
Social sciences oi ew 5,021 5,859 8,970 9.728 10,551 1.986 2,900 6,296 6,866 6,675 39.6 49.5 70.2 70.6 63.3 
i nn ne ce s0sess 154 242 665 972 1,050 103 178 586 872 776 66.9 73.6 88.1 89.7 73.9 


— = small estimate thal does not reliably refiect underlying population pattern 


NOTES Excludes university-managed federally funded research and development centers Because of survey coverage, also excludes scientists and engineers with doctorates from foreign institutions. Field is field of degree 
as a result of discontinuation of employment fieid item in 1993 survey. R&D activity reflects respondents’ reports of primary and secondary work responsibilities for all years but 1993, for 1993. it refers to the two activities with 
the largest reported weekly time budgets. R&D management is excluded from R&D because of the unavailability of this item in the 1993 survey. 


SOURCES Science Resources Studies Division, National Science Foundation, Characteristics of Doctoral Scientists and Engineers, 1993 (Arlington, VA: NSF. forthcoming); and NSF. unpublished tabulations. 
See figure 5-12 
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Appendix table 5-20. 
Academic doctoral scientists and engineers, by position and employment status: 1973—93 
_ Full-time Percent with 
Faculty Other Part-time Postdoc faculty rank 
ccs ceesesseseesee 103,099 4,629 2,936 4,122 89.8 
iM ocetcprewreneeetees 116,291 4,530 3,241 6,190 89.3 
1977 ................. 125,459 4,619 3,360 7,629 88.9 
eC ccccehoneteeees 130,757 9,970 4.510 8,147 85.2 
Pree 141,476 11,580 3,978 8,526 85.5 
i ciceeenbeawsna nt 147,779 10,093 6,005 8,280 85.8 
eer ee 156,342 16,181 6,504 8,658 83.3 
1987 ................. 163,775 14,876 5,636 9,323 846 
i ..ceeeeesanencees 168,815 17,163 6,131 11,498 82.9 
tt ¢.a0¢eeeseenns ¢2 és 172,250 16,342 7,292 9,849 83.7 
ee 171,819 21,983 5,712 13,334 80.7 


NOTE: Faculty includes ranxs of full, associate, and assistant professor, and instructor. Other full-time excludes postdocs 


SOURCES: Science Resources Studies Division, National Science Foundation, Characteristics of Doctoral Scientists and 
Engineers, 1993 (Arlington, VA: NSF. forthcoming): and NSF, unpublished tabulations. 


See figure 5-11. 
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Appendix table 5-21. 
Full-time S&E graduate students supported by research assistantships, by source of support and field: 1980-93 
(page 1 of 4) 
Full-time Research assistantships 
students Total Nonfederal Federal Total Nonfedera! Federal 
Number Percent 
Total science and engineering 
1980 _........... 238,511 51,572 22,251 29,321 21.6 9.3 12.3 
1981 ............ 242,155 52,733 23,586 29,147 21.8 9.7 12.0 
ME cecceeeecess 244,770 52,572 24,259 28,313 21.5 99 11.6 
ME ece6s0400462s 252,050 54.896 25,744 29,152 21.8 10.2 11.6 
1984 (es. eheeces 254,021 57,745 28,282 29,463 22.7 11.1 11.6 
1985 ......... - 257,411 61,007 30,574 30,433 23.7 11.9 118 
1986 ............ 266,265 66,026 33,279 32,747 248 12.5 12.3 
MT sentsngveens 271,150 70,224 35,228 34,996 25.9 13.0 12.9 
ME scccrsécdare 275,366 74,568 37,826 36,742 27.1 13.7 13.3 
1989 ............ 282,813 79,006 40,463 38,543 27.9 14.3 13.6 
1990 ......... 292,958 80.714 42.214 38,500 27.6 14.4 13.1 
Me ss50d60040608% 307,249 85,154 44,372 40,782 27.7 14.4 13.3 
i? seneseoneuse 322.895 88.006 45,430 42,576 27.3 14.1 13.2 
BEE weeeecensess 330,249 89,729 45,502 44,227 27.2 13.8 13.4 
Total sciences 
errr? 195,884 37,654 16,867 20,787 19.2 8.6 10.6 
1981 ............ 196,431 38,356 17,733 20,623 19.5 9.0 10.5 
D? «cepesnee 195,016 37,966 18,217 19,749 19.5 9.3 10.1 
1980 ....... 604 198,144 39,352 19,205 20,147 19.9 9.7 10.2 
1984 ....... we 198,856 41,445 20,659 20,786 20.8 10.4 10.5 
1985 .. -eeees 201,516 43,097 21,097 22,000 21.4 10.5 10.9 
1986 ............ 206,101 45,608 22,417 23,191 22.1 10.9 11.3 
1987 ............ 209,219 48.054 23,439 24,615 23.0 11.2 118 
te én estes - 212,300 51,119 25,312 25,807 24.1 11.9 12.2 
i chpeebeces 218,405 54,413 27,087 27,326 24.9 12.4 12.5 
Se ¢gsneneé008s 226,960 55,414 28,084 27,330 24.4 12.4 12.0 
1991 errr 236,150 58,372 29,474 28,898 24.7 12.5 12.2 
1992 .... vrer 248 340 60,470 30,189 30,281 24.3 12.2 12.2 
? ncaveesecans 256,287 61,952 30,339 31,613 24.2 11.8 12.3 
Physical sciences 
1980 . peeeenes 22.917 8,340 1,360 6,980 36.4 5.9 30.5 
DE cheseteseusa 23,307 8,607 1,336 7,271 36.9 5.7 31.2 
Pe oeeusesses :; 24,038 8.768 1,673 7,095 36.5 7.0 29.5 
errr 25,204 9,145 1,674 7,471 36.3 6.6 29.6 
Me seceeeoes : 25,852 9,628 1,821 7,807 37.2 70 W.2 
1985 ._. peaeus 26,669 10,284 2,219 8,065 38.6 8.3 30.2 
Ps eeeascess 27,762 10,992 2,329 8,663 39.6 8.4 31.2 
1987 , 28,412 11,556 2,684 8,872 40.7 9.4 31.2 
1988 ; 28,574 12,056 3,088 8,968 42.2 10.8 31.4 
1989 veer 29,207 12,442 3,281 9,161 426 11.2 31.4 
1990 29,492 12,138 3,292 8.846 412 11.2 30.0 
1991 30,125 12,230 3,329 8,901 40.6 11.1 29.5 
1992 30,675 12,447 3,364 9,083 40.6 11.0 29.6 
1993 30,619 12,246 3,113 9,133 40.0 10.2 29.8 
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Appendix table 5-21. 
Full-time S&E graduate students supported by research assistantships, by source of support and field: 1980-93 
(page 2 of 4) 
Full-time Research assistantships 
students Total Nonfederal Federal Total Nonfedera! Federal 
Number Percent 
Mathematics 
1980 ............ 9,901 784 33 421 73 3.7 43 
MP sccedéuceces 10,153 760 420 340 75 41 3.3 
ST cececdand sos 10,814 845 468 377 78 43 3.5 
1983 ............ 10,957 803 453 350 7.3 41 3.2 
1984 ............ 11,311 872 461 411 7.7 41 3.6 
1985 ......... - 11,817 998 520 478 84 44 40 
i caceeeen oe 64 12,390 1,038 500 536 84 40 43 
tT sceseeeeee es 13,044 1,111 476 635 8.5 3.6 49 
1988 ............ 13,513 1,226 560 666 9.1 4.1 49 
1989 ............ 13,683 1,304 642 662 9.5 47 48 
- saessaceeeee 13,867 1,335 725 610 9.6 5.2 44 
i cssaheseses< 14,258 1,356 712 lores 95 5.0 45 
i wcepeenen aed 14,681 1,410 726 684 9.6 49 47 
 scesesseaens 14,584 1,395 665 7H 9.6 46 5.0 
Computer sciences 
nt pc¢ncddéaesene 6,587 1,036 358 678 15.7 5.4 10.3 
i .¢aavadeae ee 7,445 1,098 383 715 14.7 5.1 96 
PT éc¢aneesedse 9,171 1,191 428 763 13.0 47 8.3 
i 6s ehedandwe 10,600 1,390 553 837 13.1 5.2 7.9 
rrr 11,436 1,613 644 969 14.1 5.6 8.5 
ih 640060006" 13,861 2,058 988 1,070 148 7.1 7.7 
Sree 15,020 2,322 1,177 1,145 15.5 78 7.6 
St <t.tcenena ' 15,336 2,817 1,318 1,499 18.4 8.6 98 
SE o¢ 40e%06b604« 15,133 3,032 1,390 1,642 20.0 9.2 10.9 
i <coaetexedsn 15,606 3,324 1,545 1,779 21.3 99 114 
Mt eeseeees oe2 16,690 3,334 1,549 1,785 20.0 93 10.7 
MT .5006¢000%02 16,538 3,565 1,610 1,955 21.6 9.7 11.8 
TE eset ¥eedéx 17,498 3,682 1,688 1,994 21.0 96 11.4 
et cc cenuyedees 17,458 3,747 1,537 2,210 21.5 8.8 12.7 
Environmental sciences 
PE oocees0e0ess 10,871 3,750 1,058 2,692 345 9.7 248 
i? seeceegeeses 10,934 3,456 1,062 2,394 31.6 9.7 21.9 
DT «hveesesesnr 11,319 3,327 1,012 2,315 29.4 89 20.5 
ne weseeee (ous 11,968 3,529 1,187 2,342 29.5 99 19.6 
Pre 11,734 3,565 1,242 2,323 30.4 10.6 19.8 
iT «tS 066400800 11,334 3,707 1,305 2,402 32.7 11.5 21.2 
Pee ' 11,249 3,827 1,459 2.368 34.0 13.0 21.1 
PE seneceeééuse 10,435 3,647 1,404 2,243 349 13.5 21.5 
 enceees — 10,199 3,880 1,567 2,313 38.0 15.4 22.7 
Me atevceangees 10,027 4,156 1,677 2,479 414 16.7 24.7 
ne eocesees 10,262 4,198 1,723 2,475 40.9 16.8 24.1 
a sase0e0 sons 10,395 4,399 1,835 2,564 42.3 17.7 247 
1992 . seeness 11,011 4627 1,743 2,884 42.0 15.8 26.2 
1993 wer TTy 11,403 4,788 1,789 2,999 42.0 15.7 26.3 


(continued) 


Science & Engineering indicators — 1996 


¢ 1383 


Appendix table 5-21. 
Full-time S&E graduate students supported by research assistantships, by source of support and field: 1980-93 
(page 3 of 4) 
Full-time Research assistantships 
Students Total Nonfederai Federal Total Nonfederal Federa! 
Number Percent 
Life sciences 
1980 rr 71,859 15,896 8,266 7,630 22.1 115 10.6 
1981 . 71,686 16,349 8,750 7,599 22.8 12.2 10.6 
1982 69,714 16,243 8,942 7,301 23.3 12.8 10.5 
1983 as 69,338 16.495 9,226 7,269 23.8 13.3 10.5 
1984 _ 69.976 17,575 10,177 7,338 25.1 145 10.6 
1985 _. 69,592 17,895 9,896 7,999 25.7 14.2 11.5 
1986 70,559 19,228 10,657 8,571 27.3 15.1 12.1 
1987 71,245 20,199 10,828 9,371 28.4 15.2 13.2 
1988 72,915 21,588 11,501 10,087 29.6 15.8 13.8 
1989 75,257 23,163 12,209 10,954 30.8 16.2 14.6 
1990 77 482 23,922 12,723 11,199 30.9 16.4 14.5 
1991 81,873 25,810 13,632 12,178 31.5 16.7 149 
1992 bees 85,912 26,781 13,949 12,832 31.2 16.2 14.9 
1993 91,648 28,036 14,468 13,568 30.6 15.8 14.8 
Psychology 
1980 _... 26.671 2,567 1,625 942 9.6 6.1 3.5 
1981 _.. en 26,570 2,887 1,851 1,036 10.9 7.0 3.9 
nT sascenseeeee 25,667 2,723 1,796 927 10.6 7.0 3.6 
1983 ... 26,561 2,959 2,015 9448 11.1 7.6 3.6 
1984 25,969 3,024 2,062 962 11.6 79 3.7 
1985 25,335 3,070 2,053 1,017 12.1 8.1 4.0 
1986 ve 26,255 3,101 2,080 1,021 11.8 79 3.9 
1997 ne 27,256 3,227 2,149 1,078 11.8 79 40 
1938 . 28,224 3,722 2,512 1.210 13.2 89 43 
1939 29.478 3,852 2.574 1,278 13.1 8.7 43 
1990 30,791 4.079 2,740 1,339 13.2 8.9 43 
1991 32,443 4,262 2,816 1,446 13.1 8.7 45 
1992 34,350 4,324 2,885 1,439 12.6 84 42 
1993 34,953 4,500 2,986 1,514 12.9 8.5 43 
Sociai sciences 
1980 . 47,078 5,281 3,837 1,444 11.2 8.2 3.1 
1981 : 46,336 5,199 3,931 1,268 11.2 8.5 2.7 
1982 44,293 4,869 3,898 971 11.0 8.8 22 
1983 . 43,516 5,031 4,097 934 11.6 94 2.1 
1984 42.578 5,168 4,252 916 12.1 10.0 22 
1985 42,908 5,085 4,116 969 11.9 9.6 23 
1986 42 866 5,100 4.215 885 11.9 9.8 2.1 
1987 , 43,491 5,497 4,580 917 12.6 10.5 2.1 
1988 43,742 5,615 4.694 921 12.8 10.7 2.1 
198S 45,147 6,172 5,159 1,013 13.7 11.4 22 
1990 48,376 6,408 5,332 1,076 13.2 11.0 22 
1991 .. 50,518 6,750 5,540 1,210 13.4 11.0 24 
1992 54.213 7,199 5,834 1,365 13.3 10.8 25 
1993 55,622 7,240 5,781 1,459 13.0 10.4 26 
(continued) 
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Appendix table 5-2’. 
Full-time S&E graduate students supported by research assistantships, by source of support and field: 1980—93 
(page 4 of 4) 
Full-time Research 2ssistantships 
students Total Nonfedera! Federal Total Nonfedera! Federal 
Number Percent 
Engineering 
1980 ; 42.627 13,918 5,384 8.534 32.7 12.6 20.0 
1981 45,724 14,377 5,853 8.524 31.4 12.8 18.6 
1982 . 49,754 14,606 6,042 8,564 29.4 12.1 17.2 
1983 53,906 15,544 6,539 9,005 28 8 12.1 16.7 
1984 55.165 16,300 7,623 8.677 29.5 13.8 15.7 
1985 55,895 17,910 9,477 8.433 32.0 17.0 15.1 
1986 60,164 20,418 10,862 9,556 33.9 18.1 15.9 
1987 61,931 22,170 11,789 10,381 35.8 19.0 16.8 
1988 . 63.066 23,449 12,514 10,935 37.2 19.8 17.3 
1989 64.408 24,593 13,376 11,217 38.2 20.8 17.4 
1990 ; 65.998 25,300 14,130 11,170 38.3 21.4 16.9 
1991 71,099 26,782 14,898 11,684 37.7 21.0 16.7 
1992 74,555 27,536 15,241 12,295 %.9 20.4 16.5 
Pee 73,962 27,777 15,163 12,614 37.6 20.5 17.1 


S&E = science and engineering 
SOURCES Science Resources Studies Division, National Science Foundation. Academic Science and Engineering Graduate Enroliment and Support, 1993 
(Arlington. VA NSF forthcormng). and NSF. unpublished tabulations 


See figure 5-13 
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Appendix table 5-22. 
Distribution of graduate research assistants, by field and source of support: 1980-93 
Totai Physica! Computer Environmental! Life Social 
ee —— Percent a 
All sources 
1980 ...... > 73.0 16.2 15 2.0 7.3 30.8 5.0 10.2 27.0 
1981 . oo. 72.7 16.3 14 2.1 66 31.0 55 3g 273 
1982............ 72.2 16.7 16 23 6.3 30.9 52 93 278 
1983. ......... 71.7 16.7 1.5 25 64 30.0 54 92 28.3 
1984 . 718 16.7 15 28 62 3.4 52 89 28.2 
1985 - . 70.6 16.9 16 3.4 6.1 29.3 5.0 8.3 29.4 
1986 . - 66.1 16.6 16 3.5 58 29.1 47 77 30.9 
1987 68.4 16.5 1.6 40 52 28 8 46 78 31.6 
1988 .. baad 686 16.2 16 41 52 29.0 5.0 75 314 
1989 iia de ate 68.9 15.7 1.7 42 53 29.3 49 78 31.1 
1990 . — 68.7 15.0 1.7 41 52 29.6 5.1 793 31.3 
1991... Ce 68.5 14.4 16 42 52 30.3 5.0 73 315 
1992 naan eins 68.7 14.1 16 42 53 30.4 49 8.2 31.3 
1993 eal 69.0 13.6 16 42 53 312 5.0 8.1 31.0 
Nonfedera! sources 
1980 i. 75.8 6.1 16 16 48 37.1 7.3 17.2 24.2 
1981 75.2 5.7 18 16 45 37.1 78 16.7 248 
1982 sie 75.1 69 19 18 42 36.9 7.4 16.1 249 
1983 .. on 746 65 18 2.1 46 35.8 78 15.9 25.4 
1984 ; 73.0 64 1.6 23 44 36.0 7.3 15.0 27.0 
1985 ; | 69.0 7.3 1.7 3.2 43 32.4 6.7 13.5 31.0 
1986 67.4 7.0 15 3.5 44 32.0 6.3 12.7 32.6 
1987 . 66.5 76 14 3.7 40 30.7 6.1 13.0 33.5 
1988 66.9 82 15 3.7 4.1 30.4 66 124 33.1 
1989 66.9 8.1 16 3.8 41 30.2 64 12.7 33.1 
1990 66.5 78 1.7 3.7 41 W.1 65 12.6 33.5 
1991 66 4 75 16 3.6 41 30.7 6.3 12.5 33.6 
1992 66.5 74 16 3.7 3.8 30.7 64 12.8 33.5 
1993 66.7 68 15 3.4 39 31.8 66 12.7 33.3 
Federal sources 

1986 70.9 23.8 14 2.3 92 26.0 32 49 29.1 
1981 708 249 1.2 25 82 26.1 3.6 44 29.2 
1982 69.8 25.1 1.3 2.7 82 25.8 3.3 34 0.2 
1983 69.1 25.6 12 29 8.0 249 3.2 3.2 9 
1984 70.5 26.5 14 3.3 79 25.1 3.3 3.1 29.5 
1985 72.3 265 16 3.5 7g 26.3 3.3 3.2 27.7 
1986 70.8 26.5 16 35 72 26.2 3.1 2.7 29.2 
1987 70.3 25.4 18 43 64 26.8 3.1 26 29.7 
1988 70.2 244 18 45 6.3 275 3.3 25 29.8 
1989 70.9 23.8 1.7 46 64 28.4 3.3 26 29.1 
1990 71.0 23.0 16 46 6.4 29.1 3.5 28 29.0 
1991 70.9 218 16 48 6.3 299 3.5 3.0 29.1 
1992 71.1 21.3 16 47 6.8 30.1 34 32 28.9 
1993 715 20.7 1.7 5.0 68 3.7 34 3.3 28.5 


SOURCES Science Resources Studies Division. National Science Foundation, Academic Science and Engineenng Graduate Enroliment and Support, 1993 
(Ariington VA NSF forthcoming). and NSF unpublished tabulations 


See figure 5-14 
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Appendix table 5-23. —- 
Teaching and research indicators of full-time doctoral science and engineering faculty, by primary activity and type of institution: 1993 & 
(page 1 of 3) ° 
All students Undergraduates Graduate students 
All Total Hours Total Total Hours _— Total Total Hours Total _— Articles Division of time 
Major activity faculty taught taught TAs taught taught TAs taught taught TAs published Teaching Research 
Number Percent ———— 
All academic institutions 
EER Ae ey 174,875 12,015,252 1,141,238 123,686 9,371,725 862,499 95,930 2,494,089 262,123 26,140 606,611 43.5 31.6 
EE eee 91,676 8,365,593 865,049 78,057 7,181,898 721,650 65,000 1,106,193 134,027 12,095 180,117 65.0 16.1 
a a kg 64,514 3,094,276 223,357 40,313 1,840,023 113,764 28,160 1,188,465 103,720 11,648 378,910 22.7 59.3 
i a i ig 18,684 555,382 52,831 5,315 349,805 27,085 2,770 199,431 24,375 2,397 47,584 10.0 12.3 
All faculty who taught 
undergraduates ............. . 108,610 10,006,887 970,027 101,059 9,371,725 862,499 95,930 587,493 101,522 4,240 273,840 55.6 22.9 
i ic ce cen ne anes 6eeud 77,963 7,635,879 797,981 68.296 7,181,898 721,650 65,000 414,947 71,387 2,467 134,323 66.1 15.5 
RSI SREP RONE Pe 24,560 1,995,620 141,601 29.933 1,840,023 113,764 28,160 147,969 26,895 1.773 125,816 32.2 49.3 
GELS tae aero 6,088 375,389 30,445 2,831 349,805 27,085 2,770 24,577 3,240 0 13,701 16.9 11.6 
All faculty who did not teach 
any undergraduate courses ..... 66,265 2,008 364 171,211 22,627 NA NA NA 1,906,595 160,601 21,900 332,771 23.6 45.9 
EN iota k hd aes ote’ 13,714 729,714 67,068 9,762 NA NA NA 691,245 62,639 9,628 45,794 58.8 19.2 
ee ek Co 39,955 1,098,657 81,756 10,380 NA NA NA 1,040,496 76,825 9,875 253,094 16.9 65.4 
ee ae re Bee lg ge 12,596 179,993 22,386 2,485 NA NA NA 174,854 21,136 2,397 33,882 6.8 12.9 
Research universities 
Dé ve behesbeeeeeeeses 84,718 4,971,089 353,251 75,572 3,533,517 204,757 £57,937 1,393,057 145,063 17,233 407,784 33.3 41.7 
a err 29,249 2,631,639 195,477 39,803 2,100,549 131,680 32,096 530,932 63,673 7,706 96,799 57.9 22.8 
I i oh tena a aa al 45,951 2,132,476 141,278 33,045 1,285,213 66,727 23,992 807,916 72,364 8.717 281,148 22.7 59.6 
Ce a a a oad 9.517 206,973 16,497 2,725 147,755 6,350 1,849 54,209 9,026 810 29,838 9.1 14.0 
All faculty who taught 
undergraduates............... 39,897 3,830,196 253,801 61.244 3,533,517 204,757 57,937 292,749 48,529 3,307 157,664 45.3 33.4 
Perr Tre T ee 21,122 2,281,262 161,122 33,777 2,100,549 131,680 32,096 180,579 29,343 1,681 64,226 58.9 23.0 
ht ee ee kw he 16,491 1,391,197 85,625 25.618 1,285,213 66,727 23,992 102,187 18,482 1,626 83,864 32.1 49.4 
EE aa eae lo aia dd 2,284 157,737 7,054 1,849 147,755 6,350 1,849 9,983 704 0 9,573 15.0 12.9 
All faculty who did not teach 
any undergraduate courses ..... 44,821 1,140,893 99,450 14,328 NA NA NA 1,100,308 96,534 13,926 250,121 22.6 49.2 
iar Sr 8,127 350,378 34,355 6,025 NA NA NA 350,353 34,330 6,025 32,573 55.3 22.2 > 
SEE ek th bik kek eee ce ee 29,460 741,280 55,652 7,427 NA NA NA 705,729 53,882 7,091 197,283 17.4 65.2 
ree Te 7,233 49,235 9,443 876 NA NA NA 44,226 8,322 810 20,265 7.2 14.3 : 
(continued) 
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Appendix table 5-23. 


Teaching and research indicators of full-time doctoral science and engineering faculty, by primary activity and type of institution: 1993 


(page 2 of 3) 
All students Undergraduates Graduate students _ 
All Total Hours Total Total Hours Total _—‘Total Hours Total _— Articles Division of time 
Major activity faculty taught taught TAs taught taught TAs taught taught TAs published Teaching Research 
Number Percent 
Other academic institutions 

I dn 6 eae kon eeaeae 90,157 7,044,163 787,987 48,114 5,838,208 657,816 37,993 1,101,032 117,060 8,907 198,827 53.1 22.1 
I i stibte dk ibid 5 we ne 4a 62,427 5,733,954 669,572 38,255 5,081,349 590,044 32,903 575,260 70,354 4,389 83,318 68.3 13.0 
EE eta tet edewes wath 18,563 961,800 82,080 7,268 554,810 47,037 4,168 380,549 31,357 2,931 97,763 22.8 58.6 
Etta te bate teen tuted 9,167 348,409 36,335 2,591 202,050 20,735 921 145,222 15,349 1,588 17,746 11.0 10.6 

All faculty who taught 

undergraduates ............... 68,714 6,176,692 716,226 39,815 5,838,208 657,668 37,993 294,744 52,993 933 116,177 61.6 16.9 
Nh a Peri tia ko wh tan’ 56,841 5,354,617 636,859 34,519 5,081,349 589896 32,903 234,368 42,045 786 70,097 68.7 12.8 
SN as) Waliheaiee Deknte oe 8,069 604,423 55,976 4,315 554,810 47,037 4,168 45,782 8,413 147 41,952 32.3 49.0 
ak eee aie k Bek 3,804 217,651 23,391 981 202,050 20,735 921 14,594 2,536 0 4,128 17.7 10.1 

All faculty who did not teach 

any undergraduate courses..... 21,444 867,471 71,761 8,299 NA NA NA 806 288 64,067 7,974 82,650 25.7 38.9 
ERE ret renrer 5,586 379.336 32,714 3,736 NA NA NA 340,892 28,310 3,603 13,221 63.7 14.9 
CD tebe tawe dee baie, 10,494 357,377 26,104 2,953 NA NA NA 334,767 22,944 2,784 55,811 15.4 65.9 
DT S :ed0d shave wtianndd ane’ 5,363 130,758 12,943 1,609 NA NA NA 130,628 12,814 1,588 13,618 6.2 10.9% 

Per faculty average Percent 
Ali academic institutions 

ee ery er 174,875 68.7 6.5 0.7 53.6 49 0.5 14.3 1.5 0.1 3.5 43.5 31.6 
ere rT 91,676 91.3 9.4 0.9 78.3 7.9 0.7 12.1 1.5 0.1 2.0 65.0 16.1 
DD :.46edsaccueeeeuean 64,514 48.0 3.5 0.6 28.5 1.8 0.4 18.4 1.6 0.2 5.9 22.7 59.3 
DT bcetcdbchaeh eee een ee 18,684 29.7 2.8 0.3 18.7 1.4 0.1 10.7 1.3 0.1 2.5 10.0 12.3 

All faculty who taught 

undergraduates............... 108,610 92.1 8.9 0.9 86.3 7.9 0.9 5.4 0.9 0.0 2.5 55.6 22.9 
DED cipeeeedneecieteeds 77,963 97.9 10.2 0.9 92.1 9.3 0.8 5.3 0.9 0.0 1.7 66.1 15.5 
ee ee eee ee 24,560 81.3 5.8 1.2 74.9 4.6 1.1 6.0 1.1 0.1 5.1 32.2 49.3 
nt ividepensed bees iueenea 6,088 61.7 5.0 0.5 57.5 4.4 0.5 4.0 0.5 0.0 2.3 16.9 11.6 

All faculty who did not teach 

any undergraduate courses..__. 66,265 30.3 2.6 0.3 NA NA NA 28.8 2.4 0.3 5.0 23.6 45.9 
Teaching .._..... bavene seus 13,714 53.2 49 0.7 NA NA NA 50.4 46 0.7 3.3 58.8 19.2 
Pe eetpicdenaactdeenwe 39,955 27.5 2.0 0.3 NA NA NA 26.0 1.9 0.2 6.3 16.9 65.4 
DY dchtnGeeeetesels eee 04 12,596 14.3 1.8 0.2 NA NA NA 13.9 1.7 0.2 2.7 6.8 12.9 

(continued) 
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Appendix table 5-23. — 
Teaching and research indicators of full-time doctoral science and engineering faculty, by primary activity and type of institution: 1993 & 
(page 3 of 3) ’ 
All students Undergraduates Graduate students 
All Total Hours Total Total Hours Total Total Hours Total = Articles Division of time _ 
Major activity faculty taught taught TAs taught taught TAs taught taught TAs published Teaching Research 
Per faculty average Percent ——— 
Research universities 
Ali teculty .................... 84,718 58.7 4.2 0.9 41.7 2.4 0.7 16.4 1.7 0.2 48 33.3 417 
DN svsckenenxenees ¢ene 29,249 90.0 6.7 1.4 71.8 4.5 1.1 18.2 2.2 0.3 3.3 57.9 22.8 
Research ................... 45,951 46.4 3.1 0.7 28.0 1.5 0.5 17.6 1.6 0.2 6.1 22.7 59.6 
i s¢usneaneeehseeeseheet 9,517 21.7 1.7 0.3 15.5 0.7 0.2 5.7 0.9 0.1 3.1 9.1 14.0 
All faculty who taught 
undergraduates............... 39,897 96.0 6.4 1.5 88.6 5.1 1.5 7.3 1.2 0.1 40 45.3 33.4 
SE cb en tes cede hoobaas 21,122 108.0 76 1.6 99.4 6.2 1.5 8.5 1.4 0.1 3.0 58.9 23.0 
PT i itencebeccvess anes 16,491 84.4 5.2 1.6 77.9 4.0 1.5 6.2 1.1 0.1 5.1 32.1 49.4 
SE) O6 uke ieeiansandekonns 2,284 69.1 3.1 0.8 64.7 2.8 0.8 44 0.3 0.0 4.2 15.0 12.9 
All faculty who did not teach 
any undergraduate courses... 44,821 25.5 2.2 0.3 NA NA NA 24.5 2.2 0.3 5.6 22.6 49.2 
ns  crieskvbenensh exe 8,127 43.1 4.2 0.7 NA NA NA 43.1 4.2 0.7 4.0 55.3 22.2 
+ cccetchtnededennas 29,460 25.2 1.9 0.3 NA NA NA 24.0 1.8 0.2 6.7 17.4 65.2 
DE pkeddapeeckoniegasaes 7,233 6.8 1.3 0.1 NA NA NA 6.1 1.2 0.1 2.8 7.2 14.3 
Other academic institutions 
Fe ees 90,157 78.1 8.7 0.5 64.8 7.3 0.4 12.2 1.3 0.1 2.2 53.1 22.1 
SE 9.69406 ¢sd000euddee 62,427 91.9 10.7 0.6 81.4 9.5 0.5 9.2 1.1 0.1 1.3 68.3 13.0 
a 18,563 51.8 44 0.4 29.9 2.5 0.2 20.5 1.7 0.2 5.3 22.8 58.6 
DE 5 £4-448460000600000K680 9,167 38.0 4.0 0.3 22.0 2.3 0.1 15.8 1.7 0.2 19 11.0 10.6 
All faculty who taught 
undergraduates............... 68,714 89.9 10.4 0.6 85.0 9.6 0.6 43 0.8 0.0 1.7 61.6 16.9 
eee 56,841 94.2 11.2 0.6 89.4 10.4 0.6 4.1 0.7 0.0 1.2 68.7 12.8 
ST e¢.chcediunsee ceaeded 8,069 74.9 6.9 0.5 68.8 5.8 0.5 5.7 1.0 0.0 5.2 32.3 49.0 
DCtieSis ccudbeanaeheres 3,804 57.2 6.1 0.3 53.1 5.5 0.2 3.8 0.7 0.0 1.1 17.7 10.1 
Ali faculty who did not teach 
any undergraduate courses .._.. 21,444 40.5 3.3 0.4 NA NA NA 37.6 3.0 0.4 3.9 25.7 38.9 
errr yes 5,586 67.9 5.9 0.7 NA NA NA 61.0 5.1 0.6 24 63.7 14.9 
PE khacareneeckssonake 10,494 34.1 2.5 0.3 NA NA NA 31.9 2.2 0.3 5.3 15.4 65.9 
errr ere ere 5,363 24.4 2.4 0.3 NA NA NA 24.4 2.4 0.3 2.5 6.2 10.9 


‘Refects number of artioles published over 2-year period. 
*Respondents who reported spending half or more of their time on research, plus those whose research time exceeded that spent on teaching, if the sum of these functions exceeded 60 percent of weekly work time. 
SOURCE: Nationa! Center for Education Statistics, National Study of Postsecondary Faculty, 1993; and NSF, special tabulations. 
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Appendix table 5-24. 
Full-time academic doctoral science and engineering faculty, by field of degree and primary work responsibility: 1973-93 


Field 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 
— Percent 
Teaching 
Total science and engineering 68.8 70.5 63.3 61.1 65.4 62.4 61.3 57.0 55.5 55.8 52.9 
PI ggg ccc ccccccceses 65.3 66.3 60.6 58.3 61.0 59.5 56.8 54.1 50.9 51.1 48.7 
Physical science ............ 75.3 74.8 66.0 64.2 69.6 65.6 64.4 61.0 59.8 59.3 55.7 
in caw sies baee0es 78.4 80.3 75.3 73.1 75.9 74.5 71.1 69.6 67.2 68.0 67.9 
Computer science ............ - - - 66.1 62.7 48.9 35.2 39.3 38.2 58.2 57.0 
Environmental science ......... 75.3 78.2 72.8 68.4 72.9 67.5 69.1 63.3 60.2 62.7 56.0 
Ee wi wn, bg ceeanea 54.4 56.3 49.6 46.2 48.5 455 43.5 38.9 38.3 37.4 36.3 
ines ee tentwie ees 67.9 72.9 64.8 62.0 67.2 63.5 63.4 62.7 59.3 58.8 53.7 
Social science ............... 76.2 78.5 71.3 70.8 76.9 75.7 75.6 70.4 67.7 70.6 65.7 
vad ania k an deans 72.9 72.5 63.8 62.7 68.1 63.9 64.0 57.2 57.8 59.0 54.7 
Research 
Total science and engineering .... 19.4 18.8 21.0 21.6 22.7 22.8 25.6 29.7 30.6 31.2 33.1 
ok an 25.8 25.2 28.3 29.7 30.8 30.9 32.9 37.4 37.8 37.7 40.9 
Physical science ............. 17.2 18.2 22.2 22.0 22.7 22.4 26.5 29.8 30.1 31.0 33.4 
Re 15.4 12.6 14.6 15.9 15.3 14.7 19.6 21.3 23.8 22.7 21.2 
Computer science ............ - - ~ 33.9 32.6 41.1 59.6 52.0 54.9 32.3 35.9 
Environmenta! science ......... 15.7 14.9 17.9 16.6 216 23.0 22.1 28.9 32.8 32.0 35.0 
aah 6. see i:6 tii 32.1 32.1 33.1 35.3 38.5 38.3 41.5 46.4 46.2 46.7 475 
SE 14.8 11.8 14.9 15.5 15.2 16.9 17.9 20.2 22.6 24.0 27.1 
I sina 6's tw bil ta 11.6 10.9 12.9 11.6 11.6 11.3 13.2 17.1 18.6 18.4 23.0 
EE ee 13.6 14.2 16.9 18.0 18.6 18.6 21.1 26.0 26.8 27.6 30.0 
Other 

Total science and engineering 11.8 10.7 15.7 17.4 11.9 14.8 13.1 13.3 13.9 13.0 14.0 
ee css ba ee hee ee 6 89 8.5 11.1 12.0 8.2 9.5 10.3 8.5 11.4 11.2 10.4 
Physical science .......... 7.5 7.0 11.8 13.8 7.7 12.0 9.1 9.2 10.1 97 10.9 
ee 6.2 7.1 10.1 11.0 8.8 10.8 9.3 9.1 9.0 94 10.9 
Computer science ............ ~ - - 0.0 47 10.0 5.2 8.7 6.9 9.5 7.1 
Environmental science ......... 8.9 6.9 9.4 15.0 5.5 96 8.8 7.7 7.0 5.3 9.0 
ae 13.5 11.6 17.2 18.5 13.0 16.2 15.0 14.7 15.5 15.8 16.3 
Cece ickkaedeeaees 17.2 15.3 20.3 22.5 17.6 19.6 18.7 17.1 18.2 17.2 19.2 
hn se cede beee as 12.2 10.6 15.8 17.6 11.5 13.0 11.2 12.5 13.7 11.0 11.3 
eee 13.5 13.3 19.3 19.4 13.2 17.6 14.8 16.8 15.4 13.5 15.3 


- = There were no academic scientists and enginee’s with computer science degrees in 1973-77. 


NOTES: Research includes basic and applied research, development, and design but excludes management of R&D, which is unavailable for 1993 and has been included with Other for ail years. Faculty includes full, associ- 
ate, and assistant professors, plus instructors. A smai! number with unreported primary work responsibility have been excluded. Data was first reported for computer science as a separate discipline in 1979 


SOURCES: Science Resources Studies Division, National Science Foundation, Characteristics of Doctoral Scientists & Engineers, 1993 (Ariington, VA: NSF. forthcoming); and NSF. unpublished tabulations 


See figures 5-16 and 5-17 
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Appendix table 5-25. 
Employment share, and share among researchers, of females, underrepresented minorities, and Asians: selected years 


Females Underrepresented minorities Asians 
Field 1979 1981 1989 1991 1993 1979 1981 1989 1991 1993 1979 1961 1989 1991 1993 
Percent 
Employment 
Total science and engineering .._._. 12.4 13.8 18.6 19.8 21.8 3.2 3.5 44 48 5.1 64 6.6 8.0 8.0 99 
ns ot accaeeeee es 13.7 15.1 20.6 21.7 23.9 3.3 3.7 46 49 52 5.7 6.1 6.7 7.0 8.6 
Physical sciences .............. 6.9 74 8.9 8.3 10.1 29 3.5 40 46 5.2 76 7.9 10.1 94 13.2 
Mathematics .................. 7.7 8.6 10.1 8.9 11.2 3.4 3.3 40 3.5 43 7.3 7.2 8.9 10.6 12.1 
Computer science .............. - ~ 15.2 18.0 18.4 ~ - 4.1 44 58 - - 20.8 25.4 30.3 
Environmental sciences ..... oad 46 5.2 10.1 11.2 11.2 1.3 16 2.3 15 2.3 29 34 46 42 5.7 
Life sciences .................. 14.8 16.4 23.6 25.1 27.5 29 3.1 3.8 3.9 4.1 6.6 7.1 74 76 93 
i nreenxeseseeeees 24.0 26.0 34.1 36.6 41.1 3.1 42 5.3 59 6.3 1.6 2.0 2.1 2.1 2.1 
Social sciences ................ 15.1 16.1 20.8 22.3 24.3 44 47 6.2 6.9 7.0 49 56 5.4 58 6.1 
ee 1.0 1.5 29 43 45 24 17 3.1 3.9 40 12.3 10.9 17.8 16.1 20.2 
Researchers 

Total science andengineering .__. 11.3 13.4 17.9 19.0 20.3 28 3.0 4.1 45 48 78 8.0 95 95 11.8 
EE NE a 12.6 14.6 19.9 20.8 22.5 29 3.2 43 45 49 6.6 74 8.0 83 10.1 
Physical sciences ......... er 5.9 6.6 8.5 78 95 25 3.2 3.9 45 48 92 95 11.8 11.0 16.3 
Mathematics .................. 6.9 8.3 9.1 8.9 96 2.9 3.1 40 3.1 3.8 79 74 10.9 12.2 14.1 
Computer science .............. - - 14.0 16.9 16.7 - - 47 5.0 72 - - 21.0 29.4 36.3 
Environmental sciences ........ 5.0 5.9 10.2 11.2 11.0 1.2 2.0 24 14 24 3.6 3.9 5.0 48 59 
SCD... kwececcececces 146 16.3 22.9 24.6 26.0 3.0 2.9 3.8 3.6 3.8 75 85 83 86 10.7 
ee 22.4 24.9 34.2 34.0 39.2 24 3.2 45 456 59 18 29 26 26 25 
MOGI GOIBMOSS .. 2. wc eee. 13.7 16.6 21.1 22.4 23.0 3.9 40 59 7.0 72 43 6.0 6.1 7.0 6.4 
ee 1.0 1.9 3.3 48 44 1.9 1.5 27 41 3.9 18.1 143 212 18.6 240 


- = Small estimate that does not reliably reflect underlying population pattern 
SOURCES. Science Resources Studies Division, National Science Foundation, Characteristics of Doctoral Scientists and Engineers, 1993 (Arington, VA: NSF. forthcoming): and NSF. unpublished tabula 
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Appendix table 5-26. 
Academic employment and R&D activity of doctoral scientists and engineers, by race/ethnicity and field of degree: 1979-93 : 
(page 1 of 2) 
| & 
CT otalemployment Active in R&D Ave MRED RY 
Field 1979 1981 1989 1991 1993 1979 1981 1989 1991 1993 1979 1981 1989 1991 1993 ; 
Number - Percent | 3 
Total science and engineering .... 154,732 166.496 205.276 209.414 212,862 89.776 100,607 150,885 156,159 149,853 58.0 60.4 735 746 70.4 = 
White... eee. 141,629 151,693 183,711 186,433 185,434 81.254 90,896 133,383 137,360 128,204 57.4 59.9 72.6 73.7 69 1 . 
Asian . 6 eee eee 9835 10925 16334 16811 21,013 7,027 8078 14359 14,869 17,609 71.4 73.9 87.9 88.4 83.8 | | 
ee er ee 1,946 2,567 3,728 4,594 4,833 752 869 2,187 2,855 2,929 38.6 33.9 58.7 62.1 60.6 Ss 
eer 2,335 2,503 4,268 4,497 4,958 1,459 1,679 3,406 3,552 3,575 62.5 67.1 7398 79.0 72.1 4 
Native American. .......... 630 748 1,046 895 1,028 329 473 652 © 66 725 522 632 62.3 632 705 $ 
Total sciences .................. 138,937 150,355 182,439 186,641 189,719 79,964 91,080 133,227 137,983 132,325 57.6 60.6 73.0 73.9 69.7 
White... cee. 127,910 137,535 165,267 167,884 167,414 73,271 82,846 119,683 123,030 115,197 57.3 60.2 72.4 73.3 68.8 
Asian ...... 0... eee eee 7,897 9,171 12,276 13,137 16,340 5.254 6.714 10616 11486 13,397 66.5 73.2 86.5 87.4 82.0 
DN i6 owesneneeneeesevessese 1,895 2,455 3,463 4,188 4,522 733 834 2,013 2,511 2,683 39.0 34.0 58.1 60.0 59.3 
Hispanic ..................... 2,028 2,374 3,881 4,071 4,430 1.290 1,604 3,131 3,185 3,189 63.6 67.6 80.7 78.2 72.0 
Native American ............... 614 714 996 833 $40 322 441 629 529 677 52.4 61.8 63.2 63.5 72.0 
Physicaisciences................ 24580 25.336 27,692 27.682 28,644 15.412 16.297 20.819 20,759 20,029 62.7 64.3 75.2 75.0 69.9 
White ...... oo , 22.150 22,727 24232 24,423 24,029 13,730 14448 17942 17990 16,251 62.0 63.6 74.0 73.7 67.6 
Asian 7 aueeceneeeus 1876 1991 2,789 2615 3,785 1411 1,542 2,465 2,288 3,271 75.2 77.4 88.4 87.5 86 4 
Black wanes e one 199 312 347 361 533 82 119 247 270 323 41.2 38.1 712 748 60.6 
Hispanic ................... . 356 417 596 764 78 234 301 495 594 562 65.7 72.2 83.1 77.7 72.1 
Native American ............... 169 169 157 139 182 75 97 78 67 84 444 57.4 49.7 48.2 462 
Mathematics .......... cece eees 12,186 12,377 14484 15,224 15,475 6,895 6817 10,236 10,743 9,517 56 6 55.1 70.7 70.6 615 
White 11,013. 11,188 12968 13,364 13,250 6,159 6,178 8,959 9,308 7,967 55.9 55.2 69.1 69.6 60.1 
Asian 887 890 1,295 1,614 1,873 548 506 1,117 1,309 1,344 618 56.9 86.3 81.1 718 
Black 167 168 182 166 227 74 80 129 78 153 443 476 70.9 47.0 67.4 
Hispanic ......... 236 239 373 372 396 121 129 265 250 196 51.3 54.0 71.0 67.2 49.5 
Native American . - ~ - ~ - - - - - -_ - - - - _ 
Computer science 80 280 1,494 1,954 2,527 69 271 1,323 1,685 1,999 86.3 96.8 88.6 86 2 79.1 
White 59 229 1,170 1,400 1,708 57 220 1,032 1,133 1,239 96.6 96.1 68.2 80.3 72.5 
Asian 311 497 766 278 495 726 - - - - - 89.4 99.6 948 
Biack ~ ~ - - ~ - - - - - ~ - - ~ 7 
Hispanic __. - - 54 - 111 - - 54 = 107 - - - - 96.4 
Native American ....... - - - - - - - - - - - - - - - 


Appendix table 5-26. 


Academic employment and R&D activity of doctorai scientists and engineers, by race/ethnicity and field of degree: 1979-93 


(page 2 of 2) 
~ Total employment en ActveinRh&DSCOS~™S ” Active inR&D 
Field 1979 1981 1989 1991 1993 1979 1981 13989 1991 1993 1979 1981 1989 1991 1993 
Number — Percent 

Environmental science ............ 4.23% 4,564 5,859 6,049 6,435 2.741 3,174 4,917 5.096 5.015 647 6s 5 83.9 842 773 
White ......... 6. ee eee eee. 4,093 4,378 5 548 5.774 6,016 2,627 3,035 4634 4,837 4684 642 639.3 835 83.8 773 
ih oc eeacens eeeeed eemeued 121 155 268 254 en) SB 124 244 244 294 81.0 80.0 910 96.1 80.8 
ete oo conde cecsine dns - ~ - - - ~ ~ - - ~ = - - - - 
i tan wees guanadawanet 54 65 104 Bo 112 - 56 89 70 99 - 86.2 856 875 Ba 4 
Native American ......_.. - - - - - - - - - ~ - - 7 = - 

Life science .................... 46.981 51.320 64,700 66942 668,194 32.0046 37.115 51.711 53,342 51,767 68 2 723 73.9 79.7 75.9 
White. ..._..... cc eee eee 43,031 46.828 58625 60.332 60,227 29.136 33.457 46471 47.696 45,157 67.7 714 797° 739.1 75.0 
DIAS «ces bchen oes ddedaeuadenn 3.098 3.635 4,760 5.085 6,359 2,414 3,149 4.315 4,593 5 547 779 866 90." 90.3 872 
inn cad aidan tis ectmesahnat 575 606 1,013 1,192 1,295 300 329 638 786 806 522 543 689 65.9 62.2 
ne nnn ctenves eens ebes 673 831 1,244 1234 1,292 573 632 1,100 1,019 982 85.1 76.1 88 4 826 76.0 
Native American ........... 98 144 188 169 213 91 113 143 132 177 92.9 785 76.1 78.1 83.1 

Dn. crvbkesdedne 6oSeueut 17,716 20.110 25,003 25.177 24,964 8.256 9917 14342 15.689 14,932 466 493 57.4 62.3 598 
0 Or eee 16.972 19,080 23,555 23.568 23,342 7,957 9442 13.543 14.782 13,964 469 495 57.5 62.7 598 
id oe ek Clee hid ed ae 284 407 514 532 522 149 286 380 411 se) 525 70.3 73.9 77.3 70.1 
en i i a 291 429 714 851 895 68 116 310 413 427 30.2 27) 43.4 485 477 
Pt. .ttassceeaceas 161 290 461 517 572 + 148 268 265 371 - 51.0 58.1 513 649 
Native American .......... 94 129 141 120 118 60 - 68 - 87 63.8 - 462 - 73.7 

Social science .................. 33,158 36,368 43.207 43,613 43,480 14.545 17489 29.879 3.669 29,066 43.9 48.1 69.2 70.3 66 8 
ree ae 30,592 33.105 39.169 39,023 38.842 13,605 16,066 27.102 27.282 25,935 445 485 69.2 69.9 66 8 
Mh .scdtuabacent 1,611 2.043 2.339 2,540 2.671 623 1,057 1,817 2,146 1,649 38.7 517 77.7 845 692 
Dip ccecnneevdseccecatuaseh 662 938 1,184 1.570 1,500 194 188 610 923 920 29.3 20.0 515 588 613 
Hispanic sw egenebusnsnen tut 548 529 1,049 1,067 1,167 280 335 860 950 872 51.1 63.3 82.0 89.0 747 
Native American ............... 243 260 467 393 388 91 172 305 278 314 37.4 66 2 653 70.7 80.9 

DED ¢66scvebeastosevesss 15.795 16.141 22837 22.773 23,143 9,812 9.527 17,658 18.176 17,528 62.1 59.0 77.3 738 75.7 
White | enadesneéenbacuus 13.719 14.158 18444 18549 18,020 7,983 8.050 13.700 14,330 13,007 582 569 743 77.3 72.2 
tt so s.asbestebeceeses 1,938 1,754 4.058 3,674 4673 1,773 1,364 3,743 3,383 4212 915 778 92.2 92.1 90.1 
ET tnaseecéesser 51 112 265 406 311 - - 174 344 246 - - 65.7 847 79.1 
Hispanic seaetaeeesenens 307 129 387 426 528 169 75 275 367 386 55.0 58.1 71.1 86.2 73.1 
Native American ............... ~ - 50 62 88 ~ - - - - - - - - - 


- = smali estimate that does not reliably refiect underlying population pattern 


NOTES Numbers -: this tae refiect the composition of survey respondents, by field of degree. whose race/ethmicity, sex, and pnmary and secondary work responsibilities are known Numbers are weighted estimates trom 
sample surveys Details do not add to total because (a) racial and ethnic categones are not rnutually exclusive. i.e. Hispanics may also be included in one of the racial groups. and (b) totais include those in “other” and “no 


report’ categ es. which are not shown separately 


SOURCES Science Resources Studies Division, National Science Foundation, Charactenstics of Doctoral Scientists and Engineers. 1993 (Ariington, VA NSF forthcoming) and NSF unpublished tabulations 
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Appendix table 5-27. 

Percentage of academic doctoral scientists and engineers reporting Federal support: 1979-93 

Field 1979 1981 1983 1985 1987 1989 1991 1993 

Total science and engineering ... 41 43 46 38 49 50 51 38 
Computer science ............. 35 30 42 46 62 53 50 41 
i eds oo 6k 0.44: 51 52 57 oe 59 58 65 43 
Environmental sciences ........ 46 51 56 52 61 64 67 52 
oe cain wig 56 60 62 54 66 65 66 53 
es 6 64 kv ekicec enna 23 23 33 23 32 35 36 21 
Physical sciences ............. 44 52 52 a 55 59 58 47 
ee a 32 33 30 26 31 36 35 27 
Secleliecienees ...........---: 21 23 25 18 27 28 29 15 


NOTES: Percentages are based on respondents who answered “yes” or “no” to question whether they received Federal Government support. Data for 1985 and 
1993, which specified reference penods of 1 month and 1 week, respectively, are not comparable with other years, which asked about support during the entire aca- 
demic year. 
SOURCES: Science Resources Studies Division, National Science Foundation, Characteristics of Doctoral Scientists and Engineers, 1993 (Arlington, VA: NSF, forth- 
coming): and NSF. unpublished tabulations. 
See figure 5-18. 
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Appendix table 5-28. 
Percentage of Government-supported scientists and engineers who obtained funding from more than one 
Federal agency: 1973-93 


Field 1979 1981 1983 1985 1987 1989 1991 1993 
Total science and engineering _. 18 19 20 18 26 26 30 25 
ED, nto akd oh eene 17 18 19 18 25 25 29 24 
Physical sciences ............ 23 24 26 22 32 31 37 32 
Mathematics sciences ........ 14 17 11 16 22 26 25 20 
Computer science ........... - 14 28 22 35 37 42 42 
Environmental sciences ....... 27 37 42 38 45 46 52 45 
Life sciences................ 15 16 18 16 24 24 26 19 
PT s.se¢ecacteasenes 14 19 16 16 16 19 20 19 
Social sciences .............. 12 14 11 11 21 16 27 24 
Rr 28 25 28 24 34 37 40 36 


— = smail estimate that does not reliably reflect underlying population pattern 
NA = not available 
NOTE: Percentages are based on respondents who reported receiving support from the Federal Government. 


SOURCES: Science Resources Studies Division, National Science Foundation, Characteristics of Doctoral Scientists and Engineers, 1993 (Arlingtori, VA: NSF, forth- 
coming); and NSF. unpublished tabulations. 
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Appendix table 5-29. 
Cumulative age distribution of full-time academic doctoral science and engineering faculty: 1973-93 
Age 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 
Mean 42.4 42.8 43.3 44.0 44.7 45.5 45.8 46.6 47.1 47.0 46.9 
Median 40.3 40.6 41.0 41.7 42.4 43.4 43.9 45.1 46.0 46.4 46.0 
Cumulative percent 
25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
26 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 
27 0.5 0.5 0.3 0.2 0.1 0.2 0.1 0.1 0.1 0.0 0.2 
28 1.5 1.2 0.9 0.7 0.6 0.4 0.3 0.3 0.1 0.4 0.5 
29 3.6 29 2.3 1.7 1.5 1.1 1.0 0.7 0.5 0.8 1.1 
30 7.1 5.0 45 3.4 3.2 2.2 1.9 1.3 1.4 1.5 2.1 
31 11.8 8.2 7.1 5.9 5.1 3.7 3.5 2.8 2.4 2.7 3.4 
32 16.5 12.8 10.0 9.1 7.5 6.2 5.5 43 3.8 4.4 4.9 
33 21.3 18.1 14.0 12.6 10.8 8.6 7.9 6.5 6.1 6.5 6.9 
34 25.6 22.9 19.2 16.1 14.6 11.3 10.8 9.2 8.3 8.8 9.3 
35 30.3 27.7 25.0 20.0 18.2 14.7 13.9 11.9 10.8 11.7 11.9 
36 34.6 32.3 29.7 25.1 21.9 187 17.0 15.2 13.6 14.6 15.1 
37 38.3 36.8 34.5 30.3 25.7 22.5 20.7 18.1 16.7 17.4 18.2 
38 41.9 41.0 38.6 34.9 3u.3 26.0 24.8 21.5 20.4 20.7 21.4 
39 45.5 44.5 42.9 39.5 35.2 29.8 29.1 25.1 23.5 23.7 24.7 
40 49.0 47.9 46.8 43.4 39.7 34.4 32.9 28.9 26.9 27.1 28.0 
41 52.5 51.4 50.2 47.7 44.1 39.7 36.6 33.2 30.6 30.7 31.4 
42 55.9 54.7 53.2 51.2 48.2 44.0 41.3 37.0 34.5 34.2 34.7 
43 59.1 58.0 56.2 54.6 52.3 48.4 46.0 40.7 38.6 37.6 38.3 
aa 62.1 61.1 59.3 57.3 55.7 52.4 50.4 45.1 42.0 41.5 418 
45 65.2 64.2 62.4 60.2 58.8 56.1 54.5 49.5 45.6 45.5 45.5 
46 68.0 67.0 65.4 63.2 61.3 59.3 58.1 54.0 49.9 48.6 49.9 
47 70.4 70.0 68.2 65.9 64.0 62.3 61.7 58.0 54.4 52.1 53.0 
48 73.1 72.6 71.0 68.7 66.9 64.7 64.8 61.8 58.8 56.4 56.3 
49 75.8 749 73.6 71.4 69.5 67.5 67.4 65.2 62.8 60.8 60.2 
50 78.3 77.2 76.1 73.8 71.9 70.2 69.9 68.3 66.2 65.0 64.6 
51 80.7 79.7 78.3 76.5 74.6 72.7 72.4 71.1 69.5 69.0 68.8 
52 82.9 82.0 80.5 79.0 76.8 75.1 74.9 73.4 72.4 72.2 72.6 
53 85.0 84.1 82.8 80.9 79.3 77.7 77.3 75.8 75.1 75.5 75.5 
54 86.7 86.2 85.0 83.2 81.5 79.9 79.4 78.3 77.4 78.3 78.6 
55 88.5 88.2 86.9 85.5 83.4 82.4 81.8 80.6 79 4 80.6 80.9 
56 89.9 89.7 88.9 87.5 85.5 84.6 83.7 82.7 82.0 82.7 83.5 
57 91.3 91.2 90.7 89.3 87.6 86.4 85.8 85.0 84.2 84.9 85.3 
58 92.6 92.4 92.0 91.0 89.5 88.3 87.7 86.9 86.3 87.2 87.1 
59 93.8 93.7 93.4 92.5 91.0 90.2 89.2 88.9 88.5 89.3 89.2 
60 94.8 94.7 94.6 93.7 92.6 92.0 90.9 90.8 90.2 91.1 90.8 
61 95.8 95.8 95.7 95.0 94.1 93.4 92.7 92.3 92.1 93.1 92.5 
62 96.7 96.7 96.7 96.1 95.2 94.9 94.1 93.8 93.7 944 94.3 
63 97.5 97.5 97.5 97.1 96.4 96.2 95.3 95.3 95.1 95.7 95.4 
64 98.0 98.2 98.3 98.0 97.3 97.2 96.5 96.5 96.2 96.6 96.7 
65 98.7 98.8 98.9 98.6 98.2 98.1 97.6 97.3 97.3 97.6 97.5 
66 99.1 99.1 99.3 99.2 98.8 98.7 98.3 98.2 98.0 98.3 98.1 
67 99.5 99.4 99.5 99.5 99.2 99.2 98.8 98.9 98.6 98.9 98.7 
68 99.7 99.7 99.7 99.7 99.6 99.6 99.3 99.2 99.1 99.4 99.1 
69 99.8 99.8 99.8 99.8 99.8 99.8 99.7 99.6 99.5 99.7 99.5 
70 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.7 99.8 99.8 
71 100.0 100.0 100.0 100.0 100.0 99.9 100.0 100.0 99.9 99.9 99.9 
72 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 99.9 99.9 100.0 


73 100.0 100.0 100.0 100.0 100.0 109.0 100.0 100.0 100.0 100.0 100.0 
74 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
75 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 


NOTE: Faculty is defined as full, associate, and assistant professors, plus instructors with full-time appointments. 
SOURCES: Science Resources Studies Division, National Science Foundation, Characteristics of Doctoral Scienctists and Engineers, 1993 (Arlington, VA: NSF. forth- 
coming); and NSF, unpublished tabulations. 
See figures 5-19, 5-20, and 5-21. 
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Appendix table 5-30. 
World articles, by field and subfield: 1981 and 1993 
Field and subfields 1981 1993 Field and subfields 1981 1993 
Clinical medicine ................... 118,363 130,957 a il ieee een eee n 26.4 36,423 33,555 
Addictive diseases ................. 492 658 Agricultural and food sciences 9,745 7,931 
ae Lad eae hegadetine 671 797 0 ee 10,015 9,582 
i te ane ont 1,163 1,871 Dairy and animal science ........ 2.444 2,509 
Arthritis and rheumatism ............ 980 1,216 is edn ccna eeetnen 2,699 2,516 
6 ewe asd 6 a 5,506 7,649 nw 2049 49 2,961 2,322 
Cardiovascular system ............. 4,130 5,538 Marine- and hydrobiology ........ 3,514 4,294 
i i i a lil in 2,274 2,530 General and misc biology ........ 1,361 1,232 
Dermatology and venereal diseases .. . 2,502 2,906 General and misc zoology ....... 3,684 3,169 
ED eines te whet es eke 4,221 4,821 
Fertility . in + 1,307 1,468 Chemistry ...... eed beaeebeGeens 52.768 58,218 
Gastroenterology .................. 1,895 2,903 Analytical chemistry ........ wine 6,543 6,860 
General, internal, and misc medicine .. 18,726 14,017 Applied chemistry .............. 1,651 1,328 
Ca dee bebe dnmed ca 722 776 Inorganic and nuclear chemistry . . . 4,449 5,118 
ii ieee kon 4 teks chain 2,328 3,076 Organic chemistry .............. 8,720 9,220 
Hygiene and public health ........... 1,703 2,168 Physical chemistry ............. 11,798 14,953 
iL vc. ciencheeeankenees 7,799 10,402 Deki chenesennteed +s 4,636 6,043 
RIERA EE 573 885 General chemistry .............. 14,971 14,696 
Neurology and neurosurgery ......... 10,392 13,795 
Obstetrics and gynecology .......... 2,160 2,693 Pid iiaktndhegtereendate’ 48,242 63,789 
ED ed aad a6 mid aire ad 2,421 2,548 TE cid eh es cee eaccande 1,363 1,285 
EE ie bd pA i adneda aaa 1,176 1,304 Applied physics ................ 11,506 15,995 
Otorhinolaryngology ............... 1,607 1,996 Chemical physics .............. 5,831 7,646 
Pt tiie atediisseaudneanes 2,764 3,204 Fluids and plasmas ............. 1,001 748 
EE ee eee 2,958 3,282 Nuclear and particle physics ...... 4,562 7,990 
eee 12,604 13,222 rrr TT errr 2,101 3,673 
TE <5 05466 b056004ea% oad een 2,538 2,114 Solid state physics ............. 6,205 9,200 
ESS re ee rrr 2,281 2,452 General and misc physics........ 15,673 17,252 
Radiology & nucimed .............. 5,199 5,366 
Respiratory system ................ 1,383 2,216 Earth and space sciences ......... 17,909 20,983 
TE Mceib Cadi atees een Redes 5,449 5,281 Astronomy and astrophysics ...... 4,118 4,963 
VOUMIOR OTIGIND 2... ec ceeee 838 966 Earth & planetary sciences ....... 5,545 5,863 
Ferrey TTT TT Te 1,795 2,294 Environmental sciences ......... 3,356 4,386 
Veterinary medicine ................ 5,806 4,543 PE Sc cbue be b600060000408 2,638 2,834 
Meteorology and atmos sciences . 1,254 1,567 
Biomedical research ................. 60,358 68,914 Oceanography and limnology ..... 998 1,370 
Anatomy and morphology ........... 778 807 
Biochemistry and molecular biology ... 20,577 25,099 Engineering and technology ....... 25,716 29,014 
Biomedical engineering ............. 1,355 2,291 Aerospace technology .......... 920 916 
ee 1,021 1,093 Chemical engineering ........... 2,833 3,158 
Ceil biology and histology ........... 4,701 4,231 Civil engineering ............... 754 918 
PE tc acceunesoeecdeednsses 550 815 PT Sittkienacnany ines s 1,522 1,759 
Genetics and heredity .............. 4,060 5,617 Electrical eng and electronics ..... 6,077 6,595 
PD caveuerneqdenetéveeses 4,263 5,681 Library and information science ... 113 21 
DE -ccchbeartecteedsesendeds 431 438 Materials science .............. 2,549 4,427 
Nutrition and dietetics .............. 1,781 1,363 Mechanical engineering ......... 2,963 3,493 
i 6546 600046000 bs-40608 1,260 1,249 Metals and metaliurgy........... 3,746 4,500 
PT crs seeeeeeseseuresenes 3,652 5,691 Nuclear technology ............. 2,679 1,876 
DT 45604 beh0eSensuenened ee 1,999 2,896 General and misc engineering .... 1,560 1,351 
General and misc biomedical research 13,930 11,643 
PEED SobAd esse deen ereees 10,152 8,151 
Applied mathematics ........... 1,756 1,773 
Probability and statistics ......... 1,670 1,238 
General and misc mathematics ... 6,726 5,140 


SOURCES: Institute for Scientific Information, SCi data base; CH! Research Inc., Science and Engineering Indicators data base; and NSF special tabulations. 
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Appendix table 5-31. 
World and U.S. scientific and technical articles, by field: 1981-93 


Region and field 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 iGgZ3 
Number of articles 

World 
Clinical medicine .......... 116,371 118,186 119,325 119,094 125,532 126,463 124,975 125,787 130,106 129.843 130,107 133,913 130,957 
Biomedical research ....... 55,303 57,203 57,289 56,223 64,717 64,550 64,216 65,257 68,616 68,769 69,205 71,502 68,914 
LS au: 6:4: be ote. aR 4 39,232 39,025 37,788 38,093 34,896 34,127 32,775 33,426 34,199 35,626 34,233 34,559 33,555 
ee 54,432 55,381 54,186 54,117 55,268 55,558 53,236 55,679 56,126 57,723 56,731 59,500 58,218 
0 ee 45,561 47,229 46,902 46,450 54,044 54,056 53,377 60,757 61,449 60,799 60,758 66,960 63,789 
Earth and space sciences. ... 16,991 16,660 16,508 16,334 17,834 18,351 18,285 17,490 18,714 18,902 19,509 20,926 20,983 
Engineering and technology . . 30,710 28,602 32,073 30,310 28,004 26,201 24,344 25,461 25,442 26,670 27,618 29,684 29,014 
Mathematics ............. 10,334 9,474 9,478 9,309 9,551 7,722 7,105 9,168 9,193 7,282 7,393 8,302 8,151 

Number of articles 

United States 
Clinical medicine ......... 48,072 48,530 48,055 48,735 50,595 50,637 49,904 49,931 50,510 50,322 50,142 50,326 50,258 
Biomedical research ....... 21,847 22,732 22 +96 22,196 24,461 24,765 24,542 25,072 26,541 26,660 26,918 27,782 27,120 
Ee 14,740 14,974 14,216 14,166 13,083 13,000 12,231 12,370 12,726 13,182 12,862 12,062 11,304 
NS bs 665s cinae wee 10,880 11,758 11,010 11,137 11,585 12,313 11,827 12,384 12,405 12,718 13,086 12,926 13,252 
ERAS eae 13,053 13,255 13,021 12,691 15,903 16,360 16,078 17,499 17,649 17,241 18,077 17,847 16,912 
Earth and space sciences. ... 7,257 7,057 6,862 6,748 7,663 7,811 7,797 7,653 7,770 7,716 8,138 8,233 8,522 
Engineering and technology . . 12,486 11,619 13,105 11,976 10,822 9,775 9,225 9,488 9,568 10,113 9,999 10,833 10,051 
Mathematics............. 3,943 3,697 3,648 3,462 3,659 3,109 2,893 3,745 3,664 3,040 3,111 3,165 3,170 

Percent 

United States world share 
Clinical medicine .......... 41.3 41.1 40.3 40.9 40.3 40.0 39.9 39.7 38.8 38.8 38.5 37.6 38.4 
Biomedical research ....... 39.5 39.7 39.3 39.5 37.8 38.4 38.2 38.4 38.7 38.8 38.9 38.9 39.4 
ee 37.6 38.4 37.6 37.2 37.5 38.1 37.3 37.0 37.2 37.0 37.6 34.9 33.7 
ee 20.0 21.2 20.3 20.6 21.0 22.2 22.2 22.2 22.1 22.0 23.1 21.7 22.8 
ee 28.6 28.1 27.8 27.3 29.4 30.3 30.1 28.8 28.7 28.4 29.8 26.7 26.5 
Earth and space sciences. ... 42.7 42.4 41.6 41.3 43.0 42.6 42.6 43.8 41.5 40.8 41.7 39.3 40.6 
Engineering and technology . . 40.7 40.6 40.9 39.5 38.6 37.3 37.9 37.3 37.6 37.9 36.2 36.5 34.6 
I ea a 38.2 39.0 38.5 37.2 38.3 40.3 40.7 40.8 39.9 41.7 42.1 38.1 38.9 


SOURCES: Institute for Scientific Information, SC! data base; CHi Research Inc., Science and Engineering Indicators data base; and NSF special tabulations. 
See figure 5-24 
Science and Engineering indicators - 1996 
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Scientific and technical articles, by country and field: 1981-93 


J SA 


(page 1 of 7) 
Article publication year 
Fieid 1981 1983 1985 1987 1989 1991 1993 1981 1983 1985 1987 1989 1991 1993 
— ——_—___________—-Number— - ——— - Percent- 
United States 

Te 132,279 132,415 137,771 134497 140,833 142,333 140,588 35.9 35.4 35.3 35.6 34.9 35.1 33.6 
Clinical medicine.......... 48072 48,055 50595 49,904 50,510 50,142 50,258 413 40.3 40.3 39.9 38.8 38.5 38.4 
Biomedical research....... 21,847 22496 24,461 24,542 26,541 26,918 27,120 39.5 39.3 37.8 38.2 38.7 38.9 39.4 
es Rh Aelia tee 94 « 14,740 14,216 13,083 12,231 12,726 12,862 11,304 37.6 37.6 37.5 37.3 37.2 37.6 33.7 
a 10,880 11,010 11,585 11,827 12,405 13,086 13,252 20.0 20.3 21.0 22.2 22.1 23.1 22.8 
ii ho 2 4 13,053 13,021 15,903 16,078 17,649 18,077 16,912 28.6 27.8 29.4 30.1 28.7 29.8 26.5 
Earth and space sciences .. . 7,257 6,862 7,663 7,797 7,770 8,138 8,522 42.7 41.6 43.0 42.6 415 41.7 40.6 
Engineering and technology 12,486 13,105 10,822 9,225 9,568 9,999 10,051 40.7 40.9 38.6 37.9 37.6 36.2 34.6 
Mathematics............. 3,943 3,648 3,659 2,893 3,664 3,111 3,170 38.2 38.5 38.3 40.7 39.9 42.1 38.9 

United Kingdom 

ele a od 6 ee 30,794 31,199 32,256 30,304 30,572 30,528 31,375 8.3 8.4 8.3 8.0 7.6 75 75 
Clinical medicine.......... 11,378 11,865 13,228 12,523 12,956 12,856 12,843 9.8 9.9 10.5 10.0 10.0 9.9 98 
Biomedical research ....... 4,709 5,017 5,301 4,902 5,043 5,232 5,259 8.5 8.8 8.2 76 7.3 76 7.4} 
ee ee 3,525 3,422 3,087 2,888 2,654 2,375 2,460 9.0 9.1 8.8 8.8 78 6.9 7.3 
.— ge 3,610 3,405 3,287 3,215 3,142 3,311 3,473 6.6 6.3 5.9 6.0 5.6 5.8 6.0 
hk hk ee oe 9 8 6 2,904 2,839 3,026 3,004 3,048 3,039 3,275 6.4 6.1 5.6 5.6 5.0 5.0 5.1 
Earth and space sciences . . 1,441 1,433 1,475 1,326 1,420 1,397 1,638 8.5 8.7 8.3 7.3 7.6 72 78 
Engineering and technology. . 2,596 2,580 2,197 1,834 1,782 1,852 1,948 8.5 8.0 78 75 7.0 6.7 6.7 
Mathematics ............ 631 638 655 612 526 465 478 6.1 6.7 6.9 8.6 5.7 6.3 5.9 

Germany 

er 26,835 26,093 27,310 25,865 27,353 27,486 27,902 7.3 7.0 7.0 6.6 6.8 6.8 6.7 
Clinical medicine.......... 8,180 8,152 8.169 7,784 8,239 7,979 8,146 7.0 6.8 6.5 6.2 6.3 6.1 6.2 
Biomedical research....... 3,915 4,091 3,963 4,092 4,358 4,313 4,207 7.1 7.1 6.1 6.4 6.4 6.2 6.1 
DE teccewedee eh been 2,372 1,960 1,889 1,829 1,617 1,827 1,553 6.0 5.2 5.4 5.6 5.3 5.3 46 
DE ehkssiscsteaees 4,587 4,408 5,139 4.668 4,864 4,944 5,180 8.4 8.1 9.3 8.8 8.7 8.7 8.9 
Dé bids 6an6un @ 066 3,493 3,812 4,316 4,320 4,832 4,963 5,346 7.7 8.1 8.0 8.1 7.9 8.2 8.4 
Earth and space sciences 833 807 913 837 851 905 1,002 49 49 5.1 46 45 46 48 
Engineering and technology 2,321 2,170 2,167 1,861 1,786 2,039 1,940 7.6 6.8 7.7 76 7.0 74 6.7 
Mathematics ............ 1,134 692 752 475 606 516 528 11.0 7.3 7.9 6.7 6.6 7.0 6.5 

(continued) 
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Appendix table 5-32. 
Scientific and technical articles, by country and field: 1981-93 


(page 2 of 7) 
Article publication year ae ee 
Field 1981 1983 1985 1987 1989 1991 1993 1981 1983 1985 1987 1989 1991 1993 
~ Number a - — ——_—___—_—_ fanst——_——_ — 
France 
ES ee 18,568 17,805 18,421 18,283 19,754 19,271 21,572 5.0 48 47 48 49 48 5.2 
Clinical medicine.......... 6,070 5,630 5,356 5,645 5,865 5,854 6,208 5.2 47 43 45 45 45 47 
Biomedical research ....... 2,883 2,799 3,251 3,204 3,423 3,501 3,795 5.2 49 5.0 5.0 5.0 5.1 5.5 
SERGE A 1,369 1,268 1,151 1,054 1,164 1,140 1,267 3.5 3.4 3.3 3.2 3.4 3.3 3.8 
ED << <en wh éeea-ene 3,199 2,825 3,260 3,123 3,231 3,306 3,514 5.9 5.2 5.9 5.9 5.8 58 6.0 
I oe 2,671 2,969 3,218 3,190 3,590 3,211 3,749 5.9 6.3 6.0 6.0 58 5.3 5.9 
Earth and space sciences ... 774 747 681 875 834 871 1,011 4.6 45 3.8 48 45 45 48 
Engineering and technology. . 1,020 977 843 835 961 1,051 1,332 3.3 3.0 3.0 3.4 3.8 3.8 46 
Mathematics ............ 581 591 661 356 686 337 696 5.6 6.2 6.9 5.0 75 46 8.5 
Raly 
i Nek 7,803 8,879 9,376 9,045 10,719 11,276 12,241 2.1 24 24 2.4 2.7 2.8 2.9 
Clinical medicine.......... 2,715 3,142 3,608 3,589 4,045 4,377 4,465 2.3 2.6 29 2.9 3.1 3.4 3.4 
Biomedical research....... 1,109 1,306 1,378 1,207 1,535 1,621 1,839 2.0 2.3 2.1 1.9 2.2 2.3 2.7 
a +6 kbd abe esos 451 429 345 379 424 465 543 1.1 1.1 1.0 1.2 1.2 1.4 1.6 
SE 1,462 1,654 1,518 1.458 1,631 1,662 1,812 2.7 3.1 2.7 2.7 29 2.9 3.1 
el ae Bed os a 1,150 1,396 1,513 1,487 1,819 1,815 2,105 25 3.0 2.8 28 3.0 3.0 3.3 
Earth and space sciences ... 349 329 319 333 440 522 587 2.1 2.0 18 1.8 2.4 2.7 28 
Engineering and technology. . 428 464 472 355 533 575 628 1.4 1.4 1.7 15 2.1 2.4 2.2 | 
Se 138 159 224 236 293 239 263 1.3 1.7 2.3 3.3 3.2 3.2 3.2 | 
Other Southern Europe 
ee “~— 4,212 5,003 6,086 7,070 8,186 9,250 10,905 1.1 1.3 1.6 1.9 2.0 2.3 2.6 
Clinical medicine.......... 990 1,074 1,150 1,516 1,818 2,264 2,627 0.9 0.9 0.9 1.2 14 1.7 2.0 
Biomedical research....... 741 798 990 1,277 1,323 1,535 1,608 1.3 14 1.5 2.0 1.9 2.2 2.3 
Pe eee 356 362 408 527 702 836 1,088 0.9 1.0 1.2 1.6 2.1 2.4 3.2 
kei echasnenes 997 1,419 1,838 1,767 1,899 2,012 2,473 1.8 2.6 3.3 3.3 3.4 3.5 42 
CE Te eee 571 713 937 1,035 1,252 1,378 1,668 1.3 1.5 1.7 1.9 2.0 2.3 2.6 
Earth and space sciences ... 145 148 192 311 390 456 578 0.9 0.9 1.1 1.7 2.1 2.3 28 
Engineering and technology. . 287 320 349 459 518 578 706 0.9 1.0 1.2 19 2.0 2.1 2.4 


169 221 179 284 194 283 1.2 1.8 2.3 2.5 3.1 2.6 3.5 
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Appendix table 5-32. 
Scientific and technical articles, by country and field: 1981-93 
(page 3 of 7) 
oe 
Articie publication year o 
Field 1981 1983 1985 1987 1989 1991 1993 1981 1983 1985 1987 1989 1991 1993 i 
—_——_——— —_—_——\—Nunber——_———__—_______—_—- San Percent < 
Nordic countries 5 
Ee 13,135 13,939 14,450 14,108 14,535 14,457 14,963 3.6 3.7 3.7 3.7 3.6 3.6 3.6 § 
Clinical medicine.......... 6.836 7,513 7,766 7,528 7,461 7,006 7,047 5.9 6.3 6.2 6.0 58 5.4 5.4 i= 
Biomedical research ....... 2,105 2,113 2,350 2,298 2,491 2,502 2,529 3.8 3.7 3.6 3.6 36 3.6 3.7 $s 
RRR ae oe 1,022 1,070 981 969 1,118 1,192 1,260 2.6 28 28 3.0 3.3 3.5 3.8 | 
ee ad 1,064 936 1,057 1,068 1,054 1,111 1,274 2.0 1.7 1.9 2.0 19 2.0 22 
aia eri a a 928 1,053 1,056 1,120 1,176 1,226 1,456 2.0 2.3 2.0 2.1 1.9 2.0 2.3 
Earth and space sciences 350 357 524 512 531 660 624 2.1 22 3.0 28 29 3.4 3.1 
Engineering and technology 586 672 499 447 503 617 592 1.9 2.1 18 18 2.0 22 2.0 
RE SES SEINE pee 245 224 214 166 202 143 182 24 24 23 24 22 19 22 
Other Western Europe 
iin ae be & eho y ee 16,995 17,383 18,253 17,615 19,032 19,431 20,736 46 47 47 47 47 48 5.0 
Clinical medicine.......... 6,505 6,915 7,158 7,113 7,870 7,693 8.212 5.6 5.8 5.7 5.7 6.0 5.9 6.3 
Biomedical research ....... 2,577 2,714 3,044 2,951 3,197 3,437 3,692 4.7 47 47 46 47 5.0 54 
ee 1,378 1,431 1,399 1,236 1,371 1,279 1,497 3.5 3.8 40 3.8 40 3.7 45 
rin seade eee ee 2,311 2,099 2,228 2,185 2,161 2,398 2,550 42 3.9 40 4.1 3.9 42 44 
Nt ae ae akg 2,216 2,254 2,476 2,508 2,656 2,733 2,848 49 48 46 47 43 45 45 
Earth and space sciences ... 543 549 706 637 665 680 865 3.2 3.3 40 3.5 3.6 3.5 41 
Engineering and technology. . 1,060 1,032 850 678 727 854 966 3.5 3.2 3.0 2.8 29 3.1 3.3 | 
en ee es gs 408 392 395 308 382 359 343 3.9 4.1 4.1 43 42 49 42 | 
} 
Japan | 
' 
6 be eee eked ¢ 25,086 26.368 $$ 29,617 28,894 32,832 34,375 36,674 6.8 7.1 76 76 8.1 8.5 8.8 
Clinical medicine.......... 5,908 6,730 7,861 8,408 9,559 10,269 11,163 5.1 5.6 6.3 6.7 7.3 793 8.5 
Biomedical research ....... 3,429 3,776 4,339 4,556 5,175 5,442 5,803 6.2 6.6 6.7 7.1 75 73 84 
ee 2,404 2,371 2,456 2,267 2,363 2,557 2,543 6.1 6.3 7.0 6.9 6.9 75 76 
tT S:se08 60060664 5,926 5,571 5,887 5,744 5,907 6,173 6,117 10.9 10.3 10.7 10.8 10.5 10.9 10.5 
0 eee 3,750 3,750 4,775 4,557 6,116 6,088 6,982 8.2 8.0 88 8.5 10.0 10.0 10.9 
Earth and space sciences 394 381 592 644 73% 725 797 2.3 2.3 3.3 3.5 3.9 3.7 3.8 
Engineering and technology 2,827 3,290 3,213 2,460 2,580 2,777 2,976 9.2 10.3 11.5 10.1 10.1 10.1 10.3 
Dé 6266 ssees es 449 498 495 258 395 343 293 43 5.3 5.2 3.6 43 46 3.6 
(continued) 
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Appendix table 5-32. sed 
Scientific and technica! articles, by country and field: 1981-93 ba 
(page 4 of 7) ' 
| keen Article publication year a a — ee a: 
Field 1981 1983 1985 1987 1969 1991 1993 1981 1983 1985 1987 1989 1991 1993 
— Number — —— —---— —_—_——_ —_—_——_—_—_——Pernen—__—_—_—__—___——- 
Canada 
i i a ale 14.438 15,073 16,655 16,677 17,231 17,225 17,436 39 40 43 44 43 42 42 
Clinical medicine....... i 4,006 4,252 4817 5,087 5,194 5,180 5,034 34 3.6 38 4.1 40 40 38 
Biomedical research... _.. 2.254 2.504 2.647 2,767 2,879 27,917 3,071 41 44 41 43 42 42 45 
+ ¢6+h6ee0Kneaee 2,456 2,645 2,884 2,808 2,813 2.7% 2,670 6.3 78 83 86 62 8.0 8.0 
Chernstry 1,670 1,582 1,726 1,682 1,653 1,587 1,730 3.1 29 3.1 32 29 28 3.0 
SEES epee 1,335 1,362 1,732 1,520 1.668 1,801 1,831 29 29 3.2 28 27 3.0 29 
Earth and space sciences ._. 888 911 1,061 1,247 1,310 1,321 1,343 52 5.5 5.9 68 70 68 64 
Engineering and technology 1,303 1,348 1,348 1,235 1,213 1,345 1,373 42 42 48 5.1 48 49 47 
Mathematics............. 527 470 441 322 501 337 386 5.1 5.0 46 45 54 46 47 
Former Soviet Union 
Pa 298,608 308696 3.293 27.474 29,993 27,031 21,396 8.0 8.3 78 7.3 74 6.7 5.1 
Clirucail medicine 3,797 3,994 3,646 3,514 3,675 3,597 1,442 3.3 33 29 28 28 28 1.1 
Biomedica! research 3,148 3,452 5,618 5,169 5,177 4,758 2.611 5.7 6.0 8.7 8.0 75 69 38 | 
Dec ccccesneseuwa 1,112 1,051 936 760 796 756 786 28 28 27 23 23 22 23 | 
tt s.r etkeebeees 9,077 10,091 8,462 7,399 8,164 7,036 5,882 16.7 18.6 15.3 13.9 145 124 10.1 
0 eee 7,647 7,664 8,422 7,631 9.347 7,915 7,838 168 16.3 15.6 143 15.2 13.0 12.3 
Earth and space sciences 1,704 1,748 1,271 1,301 1,298 1,081 1,167 10.0 10.6 7.1 7.1 69 55 5.6 
Engineering and technology 2,340 2.298 1,663 1,358 1,239 1,558 1,382 76 72 5.9 56 49 56 48 
Mathematics 784 597 275 342 296 328 287 76 63 29 48 32 44 3.5 
Other Easterry/Central Europe 
CE 11,023 10,470 10,420 9,096 9.571 8,585 8,769 2.0 26 27 24 24 2.1 2.1 
Clinical medicine 2,111 1,816 1,688 1.448 1,392 1,199 1,134 18 15 13 12 1.1 09 0.9 
Biornedical research 1,716 1,516 1,765 1,666 1,608 1,405 1,449 3.1 26 27 26 23 2.0 2.1 
Biology 1,048 986 769 408 466 417 486 2.7 26 22 12 14 12 14 
ee 3,290 3,298 3,209 2.840 3,016 2,713 2,778 6.0 6.1 58 5.3 54 48 48 
ee 1,601 1,621 1,743 1,731 1,978 1,803 1,896 35 3.5 3.2 3.2 32 3.0 3.0 
Earth and space sciences 249 247 237 231 213 271 300 15 15 1.3 13 1.1 14 14 
Engineerin) and technology 684 670 573 533 530 537 590 22 2.1 2.0 22 2.1 19 2.0 


Appendix table 5-32. 
Scientific and technical articles, by country and field: 1981-93 


(page 5 of 7) 
Article publication year 
Field 1981 1983 1985 1987 1989 1991 1993 1981 1983 1985 1987 1989 1991 1993 
—— Number——#—___—____—__—_-_-- ——_____—_—__—_—___—_—————————_ Persnt—__—_—_—_—_———_—_———_- 
israel 

en. onc ns nee 3,697 3,968 4,233 3,977 3,980 3,690 4,126 1.0 1.1 1.1 1.1 1.0 0.9 1.0 
Clinical medicine.......... 1,283 1,440 1,641 1,569 1,511 1,425 1,488 1.1 1.2 1.3 1.3 1.2 1.1 1.1 
Biomedical research....... 553 639 643 607 596 580 644 1.0 1.1 1.0 0.9 0.9 0.8 0.9 
Ne ae Snes ot emia § 440 425 407 390 417 375 403 1.1 1.1 1.2 1.2 1.2 1.1 1.2 
ae 345 315 374 316 338 263 303 0.6 0.6 0.7 0.6 0.6 0.5 0.5 
aii iit we 504 524 526 552 585 554 699 1.1 1.1 1.0 1.0 1.0 0.9 1.1 
Earth and space sciences .. . 128 139 139 171 145 152 217 0.8 0.8 0.8 0.9 0.8 0.8 1.0 
Eng:ieering and technology. . 293 296 349 odd 249 235 230 1.0 0.9 1.2 1.0 1.0 0.9 0.8 
I. 0 os 0 a'be dine init 151 190 154 129 139 106 143 1.5 2.0 1.6 1.8 1.5 1.4 1.8 

Other Middie East 

EES Crs eee 765 783 1,051 1,267 1,377 1,198 1,206 0.2 0.2 0.3 0.3 0.3 0.3 0.3 
Clinical medicine.......... 236 211 327 424 443 440 451 0.2 0.2 0.3 0.3 0.3 0.3 0.3 
Biomedical research....... 67 64 103 115 a8 82 78 0.1 0.1 0.2 0.2 0.1 0.1 0.1 
EES ie eee 106 97 99 115 142 115 124 0.3 0.3 0.3 0.4 0.4 0.3 0.4 
lal ella ge 121 141 177 228 251 198 177 0.2 0.3 0.3 0.4 0.4 0.3 0.3 
EES ee ar 67 68 90 83 103 100 115 0.1 0.1 0.2 0.2 0.2 0.2 0.2 
Earth and space sciences .. . 33 48 50 59 82 73 57 0.2 0.3 0.3 0.3 0.4 0.4 0.3 
Engineering and technology. . 104 131 171 213 233 173 209 0.3 0.4 0.6 0.9 0.9 0.6 0.7 
Mathematics............. 36 32 41 36 40 23 19 0.3 0.3 0.4 0.5 0.4 0.3 0.2 

Africa 

a 4,797 4,601 4,804 4,969 5,118 5,112 4,706 1.3 1.2 1.2 1.3 1.3 1.3 1.1 
Clinical medicine.......... 1,713 1,768 1,751 1,738 1,690 1,575 1,524 1.5 1.5 1.4 1.4 1.3 1.2 1.2 
Biomedical research....... 432 413 499 605 608 557 483 0.8 0.7 0.8 0.9 0.9 0.8 0.7 
ee 1,015 952 911 943 948 974 931 2.6 2.5 2.6 2.9 2.8 2.8 2.8 
Chemistry 757 623 732 781 884 1,032 853 1.4 1.1 1.3 1.5 1.6 1.8 1.5 
iE i dk sain he 251 235 248 288 330 370 370 0.6 0.5 0.5 0.5 0.5 0.6 0.6 
Earth and space sciences .. . 199 183 264 281 300 314 276 1.2 1.1 1.5 1.5 1.6 1.6 1.3 
Engineering and technology. . 345 359 303 274 288 266 271 1.1 1.1 1.1 1.1 1.1 1.0 0.9 
Mathematics............. 92 79 113 69 86 38 69 0.9 0.8 1.2 1.0 0.9 0.5 0.8 


Yaa 


F We 


9661 — ssojeaipu; BuueeuiBuZ ¥ 82U819S 


Liz @ 


Appendix table 5-32. 


Scientific and technical articles, by country and field: 1981-93 


(page 6 of 7) 
Article publication year Be oo 
Field 1981 1983 1985 1987 1989 1991 1993 1981 1983 1985 1987 1989 1991 1993 
Number - _ Percent- - 
Australia and New Zealand 

Alifields ................ 9,858 9,564 9,951 9 682 10,097 9,995 10,646 2.7 2.6 26 2.6 2.5 25 25 
Clinical medicine.......... 3,071 3,140 3,339 3,392 3,545 3,505 3,634 2.6 2.6 2.7 2.7 2.7 2.7 2.8 
Biomedical research....... 1,213 1,213 1,429 1,380 1,464 1,539 1,563 2.2 2.1 2.2 2.1 2.1 2.2 2.3 
Ne ie i Ow nt nin 6 2,343 2,177 2,131 1,969 2,152 2,087 2,227 6.0 5.8 6.1 6.0 6.3 6.1 6.6 
Ee 1,080 916 887 921 889 868 976 2.0 1.7 1.6 1.7 1.6 1.5 1.7 
ON i a ie 687 648 749 713 681 710 851 1.5 1.4 1.4 1.3 1.1 1.2 1.3 
Earth and space sciences .. . 690 634 662 680 740 709 740 4.1 3.8 3.7 3.7 4.0 3.6 3.5 
Engineering and technology 549 646 532 471 429 440 475 1.8 2.0 1.9 1.9 1.7 1.6 1.6 
Mathematics............. 227 190 221 157 198 137 181 2.2 2.0 2.3 2.2 2.2 1.9 2.2 

india 

ER a ae 11,724 10,794 9,586 8,240 8,440 8,039 8,008 3.2 2.9 2.5 2.2 2.1 2.0 1.9 
Clinical medicine.......... 1,510 1,444 1,184 1,173 1,059 1,116 1,099 1.3 1.2 0.9 0.9 0.8 0.9 0.8 
Biomedical research....... 1,605 1,320 1,622 1,343 1,324 947 985 2.9 2.3 2.5 2.1 1.9 1.4 1.4 
I en oe ee nae 1,927 1,620 857 811 775 713 655 49 43 2.5 2.5 2.3 2.1 2.0 
ti d-dh le eteh bee 3,191 2,863 2,674 2,209 2,535 2,348 2,310 5.9 5.3 48 41 45 4.1 4.0 
SR ae 1,713 1,778 1,578 1,399 1,493 1,537 1,520 3.8 3.8 2.9 2.6 2.4 25 2.4 
Earth and space sciences . 479 502 508 428 391 464 451 2.8 3.0 2.8 2.3 2.1 2.4 2.1 
Engineering and technology 954 948 863 792 737 830 890 3.1 3.0 3.1 3.3 2.9 3.0 3.1 
I otek oe ie aa 346 319 300 84 126 86 98 3.3 3.4 3.1 1.2 1.4 1.2 1.2 

Central and South America 

se i ee 4,356 4,504 4,637 4,817 5,345 5,639 6,219 1.2 1.2 1.2 1.3 1.3 1.4 1.5 
Clinical medicine.......... 1,367 1,436 1,313 1,280 1,439 1,519 1,625 1.2 1.2 1.0 1.0 1.1 1.2 1.2 
Biomedical research ....... 777 764 878 902 1,004 1,001 1,032 1.4 1.3 1.4 1.4 1.5 1.4 1.5 
hla b's seas eae eks 629 641 580 608 671 794 895 1.6 1.7 1.7 1.9 2.0 2.3 2.7 
tn tt ss ay beth she 529 514 582 680 636 640 785 1.0 0.9 1.1 1.3 1.1 1.1 1.3 
eee eee 567 618 784 790 963 1,005 1,194 1.2 1.3 1.5 1.5 1.6 1.7 1.9 
Earth and space sciences ... 220 204 207 284 285 332 366 1.3 1.2 1.2 1.6 1.5 1.7 1.7 
Engineering and technology. . 182 242 185 168 221 232 259 0.6 0.8 0.7 0.7 0.9 0.8 0.9 
<< os a eeeeees 89 88 113 109 131 123 143 0.9 0.9 1.2 1.5 1.4 1.7 18 

(continued) 
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Article publication year 3 

—_ OT en apenas < 

Field 1987 1983 1985 1987 1989 1991 1993 1981 1983 1985 1987 1989 1991 1993 } 

—_—— ——----Number.-— —--— ——--———------- — - Percent tS 

China | . 

$s 

Alifields ................ 1,099 1,692 1,943 2,600 3,761 4,330 5,019 0.3 0.5 0.5 0.7 0.9 1.1 1.2 | ¢ 

Clinical medicine.......... 158 273 288 320 443 474 455 0.1 0.2 0.2 0.3 0.3 0.4 0.3 = 

Biomedical research ....... 49 92 179 254 294 342 372 0.1 0.2 0.3 0.4 0.4 0.5 0.5 | $ 

ee 178 274 156 124 136 172 196 0.5 0.7 0.4 0.4 0.4 0.5 0.6 | 
ae 89 169 185 406 568 823 1,128 0.2 0.3 0.3 0.8 1.0 1.5 1.9 
EES 241 337 573 911 1,487 1,516 1,772 0.5 0.7 1.1 1.7 24 25 2.8 
Earth and space sciences .. . 240 215 268 173 143 252 170 1.4 1.3 1.5 0.9 0.8 1.3 0.8 
Engineering and technology. . 113 215 227 344 567 598 711 0.4 0.7 0.8 1.4 2.2 2.2 25 
Mathematics. ............ 31 117 67 68 123 153 215 0.3 1.2 0.7 1.0 13 2.1 2.6 
East Asian NIEs 
Ee 656 904 1,397 2,390 3,417 4,373 6,203 0.2 0.2 0.4 0.6 0.8 1.1 15 
Clinical medicine.......... 125 157 280 603 858 959 1,313 0.1 0.1 0.2 0.5 0.7 0.7 1.0 
Biomedical research ....... 52 58 108 227 315 396 569 0.1 0.1 0.2 0.4 0.5 0.6 0.8 
FRE 80 100 100 169 233 238 318 0.2 0.3 0.3 0.5 0.7 0.7 0.9 
Chemistry .............. 135 212 293 504 666 963 1,295 0.2 0.4 0.5 0.9 1.2 1.7 2.2 
SSS ee 91 137 241 330 523 722 1,138 0.2 0.3 0.4 0.6 0.9 1.2 1.8 
Earth and space sciences .. . 20 10 26 65 58 85 136 0.1 0.1 0.1 0.4 0.3 0.4 0.6- 
Engineering and technology. . 111 188 277 441 651 929 1,317 0.4 0.6 1.0 1.8 2.6 3.4 45 
Mathematics............. 42 42 72 51 113 81 117 0.4 0.4 0.8 0.7 1.2 1.1 1.4 
Other Asian/Pacific 

i es ak bal 1,160 1,166 1,264 1,391 1,636 1,843 2,165 0.3 0.3 0.3 0.4 0.4 0.5 0.5 
Clinical medicine.......... 326 311 348 400 512 644 750 0.3 0.3 0.3 0.3 0.4 0.5 0.6 
Biomedical research ....... 120 134 142 148 157 162 201 0.2 0.2 0.2 0.2 0.2 0.2 0.3 
ct LCehs G65 b a ean's 284 289 262 292 310 323 348 0.7 0.8 0.8 0.9 0.9 0.9 1.0 
RS 114 133 168 207 240. 258 347 0.2 0.2 0.3 0.4 0.4 0.5 0.6 
ee 120 105 137 128 155 192 224 0.3 0.2 0.3 0.2 0.3 0.3 0.4 
Earth and space sciences .. . 47 44 59 80 ac 95 123 0.3 0.3 0.3 0.4 0.5 05 0.6 
Engineering and technology. . 120 124 107 120 131 139 172 0.4 0.4 0.4 0.5 0.5 0.5 0.6 
Mathernatics............. 35 28 . 45 21 38 36 31 0.3 0.3 0.5 0.3 0.4 0.5 0.4 


NIE = newly industrialized economy 
SOURFRCES. Instituie for Scientific Information, SC! data base; CHi Research inc., Science and Engineering Indicators data base; and NSF spectal tabulations. 
See figures 5-22 and 5-23. 
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Appendix table 5-33. 
Selected countries’ distribution of scientific and technical literature, by field: 1981-93 


(page 1 of 7) 
Articie publication year . a oo | 
Field 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 

-— Percent of country's total in teid —_§_|— —- ———-—- —_—_————— 
United States 
ae 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Clinical medicine............... 36.3 36.3 36.3 37.2 36.7 36.8 37.1 36.1 35.9 35.7 35.2 35.2 35.7 
Biomedical research ............ 16.5 17.0 17.0 16.9 17.8 18.0 18.2 18.1 18.8 18.9 18.9 19.4 19.3 
en nt hb db eewaddenes 11.1 11.2 10.7 10.8 9.5 9.4 9.1 9.0 9.0 9.3 9.0 8.4 8.0 
Is a ee 8.2 8.8 8.3 85 8.4 8.9 8.8 9.0 8.8 9.0 9.2 9.0 94 
EE 9.9 99 9.8 9.7 11.5 11.9 12.0 12.7 12.5 12.2 12.7 12.5 12.0 
Earth and space sciences........ 5.5 5.3 5.2 5.1 5.6 5.7 5.8 5.5 5.5 5.5 5.7 5.8 6.1 
Engineering and technology ...... 9.4 8.7 as 9.1 7.9 7.1 6.9 6.3 6.8 72 7.0 7.6 7.1 
Mathematics .................. 3.0 2.8 2.8 2.6 2.7 2.3 2.2 2.7 2.6 22 2.2 2.2 2.3 
United Kingdom 
SS 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Clinical medicine. .............. 36.9 37.0 38.0 38.7 41.0 41.4 41.3 41.3 42.4 42.3 42.1 41.0 40.9 
Biomedical research ............ 15.3 16.1 16.1 15.5 16.4 16.2 16.2 16.0 16.5 16.7 17.1 16.9 16.8 
Dt iti ttt ee teen eeheee ens 11.4 11.1 11.0 11.5 9.6 10.3 9.5 8.4 8.7 8.7 78 79 78 
SE trio ba ks conseee 11.7 12.1 10.9 10.9 10.2 10.0 10.6 11.3 10.3 10.8 10.8 10.6 11.1 
EE Se 9.4 9.3 9.1 8.9 9.4 9.5 9.9 10.7 10.0 9.8 10.0 10.8 10.4 
Earth and space sciences........ 4.7 4.7 46 4.7 46 46 44 42 46 45 46 49 5.2 
Engineering and technology ...... 8.4 7.7 8.3 7.7 6.8 6.2 6.1 6.3 5.8 5.9 6.1 6.3 6.2 
nee cekeneans¢4 2.0 2.0 2.0 2.0 2.0 1.8 2.0 1.7 1.7 1.3 15 1.7 1.5 
Germany 

eee 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Clinical medicine............... 30.5 30.7 31.2 30.1 29.9 29.8 30.1 29.3 30.1 29.3 29.0 30.4 29.2 
Biomedical research ............ 14.6 15.8 15.7 15.0 14.5 15.1 15.8 15.5 15.9 15.9 15.7 14.9 15.1 
ere 8.8 8.4 75 8.3 6.9 7.0 7.1 6.8 6.6 6.9 6.6 5.6 5.6 
PTC err eT TT 17.1 17.0 16.9 16.7 18.8 18.1 18.0 18.7 178 17.6 18.0 17.2 18.6 
PR eee 13.0 14.2 14.6 15.1 15.8 16.3 16.7 17.8 17.7 18.1 18.1 19.1 19.2 
Earth and space sciences........ 3.1 3.0 3.1 2.9 3.3 3.0 3.2 28 3.1 3.3 3.3 3.6 3.6 
Engineering and technology ...... 8.6 8.1 8.3 9.0 7.9 8.0 72 6.8 6.5 7.0 74 7.3 7.0 
42 2.7 2.7 2.9 2.8 2.6 18 2.3 2.2 1.8 1.9 1.9 19 
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Appendix table 5-33. 
Selected 


countries’ distribution of scientific and technical literature, by field: 1981-93 


(page 2 of 7) 
; plication year 
Field 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
Percent of country’s total in field ——— — 
France 

re 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - 100.0 100.0 100.0 
Clinical medicine............... 32.7 32.2 31.6 31.8 29.1 30.7 30.9 30.1 29.7 310. . D4 29.2 28.8 
Biomedical research ............ 15.5 15.6 15.7 15.6 17.6 17.2 17.5 16.9 17.3 17.1 * #82. ,176 17.6 
end odes on Keee eed 7.4 7.0 7.1 7.0 6.2 5.7 58 5.9 5.9 6.4 59 62 5.9 
Chemistry ...... titel Nida i 17.2 17.0 15.9 16.1 17.7 16.5 17.1 16.6 16.4 16.1 17.2 16.1 16.3 
EE eae 14.4 15.3 16.7 16.8 175 18.8 17.4 18.6 18.2 17.4 16.7 17.8 17.4 
Earth and space sciences........ 42 4.1 42 40 3.7 42 48 42 42 47 45 43 47 
Engineering and technology .... . . 5.5 5.7 55 5.3 46 5.0 46 46 493 55 5.5 5.6 62 
Mathematics .................. 3.1 3.1 3.3 3.5 3.6 1.9 1.9 3.1 3.5 18 1.7 3.2 3.2 

EES ae 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Clinical medicine............... 344.8 33.9 35.4 34.8 38.5 40.1 39.7 38.5 37.7 38.2 38.8 37.4 36.5 
Biomedical research ............ 14.2 14.0 14.7 14.3 14.7 14.5 13.3 13.7 14.3 14.5 14.4 14.3 15.0 
ee dae aide abies 58 6.4 48 5.0 3.7 3.9 42 3.9 40 45 4.1 45 44, 
FESS EE Snes 18.7 18.8 18.6 19.9 16.2 16.6 16.1 16.5 15.2 15.5 14.7 14.7 14.8 
te it aS eh ae 14.7 15.8 15.7 14.9 16.1 14.8 16.4 16.8 17.0 16.1 16.1 17.3 17.2 
Earth and space sciences........ 45 4.0 3.7 3.4 3.4 3.9 3.7 3.7 4.1 42 46 46 48 
Engineering and technology .... . . 5.5 5.2 5.2 5.3 5.0 40 3.9 45 5.0 48 5.1 5.4 5.1 
a heck emacs as 18 2.0 18 24 2.4 2.3 2.6 24 2.7 2.2 2.1 1.9 2.1 

Other Southern Europe 

EE nee ee ene ee 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Clinical medicine............... 23.5 22.8 21.5 18.9 18.9 19.7 21.4 21.7 22.2 21.7 24.5 245 23.8 
Biomedical research ............ 17.6 18.1 16.0 17.8 16.3 17.4 18.1 16.5 16.2 178 16.6 14.0 14.6 
DT hknvi06os00ss000s4060% 8.5 7.2 7.2 7.2 6.7 7.1 7.5 8.0 8.6 9.0 9.0 10.4 99 
hy eekcs bake 65-04 6644 23.7 26.2 28.4 28.1 30.2 28.6 25.0 24.2 23.2 23.3 218 22.5 22.4 
eee eas bade < 13.6 13.7 14.3 14.7 15.4 14.6 14.6 15.8 15.3 145 149 15.3 15.1 
Earth and space sciences........ 3.4 3.3 3.0 3.0 3.2 3.9 44 4.1 48 5.5 49 49 5.2 
Engineering and technology ...... 68 58 6.4 7.0 5.7 6.0 65 6.2 6.3 6.1 6.2 6.2 64 
ht cpeekewness esos 3.0 28 3.4 33 3.6 2.7 25 3.5 3.5 2.1 2.1 23 26 
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Selected countries’ distribution of scientific and technical literature, by field: 1981-93 @ 

(page 3 of 7) ° 

Article publication year 7 
Fieid 1981 1982 1983 1984 1985 1986 1987 ‘988 1989 1990 1991 1992 1993 
Percent of country’s total in field 
Nordic Countries 

Ee 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Clinical medicine............... 52.0 55.1 53.8 546 53.7 53.2 53.3 51.2 51.3 515 484 47.7 47.1 
Biomedical research ............ 16.0 149 15.2 15.5 16.3 15.8 16.3 17.0 17.2 16.7 17.3 17.1 16.9 
DE cndubpanagenseneenee 78 72 7.7 7.1 68 76 6.9 78 7.7 8.3 8.3 9.0 84 
ities bait on onereee4s 8.1 7.1 6.7 70 7.3 78 76 7.3 72 72 77 7.7 8.5 
ale eit woe 4.0.4 7.1 74 76 7.0 7.3 72 73 6.0 8.1 73 85 9.1 97 
Earth and space sciences........ 27 25 26 3.1 3.7 34 3.7 3.9 3.7 40 46 45 42 
Engineering and technology ...... 45 4.1 48 43 3.4 3.4 3.2 3.2 3.4 3.3 43 3.9 40 
Mathematics .................. 1.9 1.6 1.6 1.3 15 14 12 16 14 1.1 1.0 1.1 12 

Other western Europe 

i ns eee ekeee 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Clinical medicine............... 38.3 39.3 39.8 39.8 39.2 417 40.4 40.0 414 39.9 39.6 39.5 39.2 
Biomedical research............ 15.2 15.6 15.6 15.5 16.7 16.5 16.8 16.7 16.8 16.8 17.7 175 17.6 
rr 8.1 8.4 8.2 7.9 7.7 7.0 7.0 7.0 72 7.7 66 6.7 7.1 
EE aa 13.6 13.2 12.1 12.2 12.2 11.7 12.4 12.5 11.4 12.3 12.3 12.0 12.2 
Piyeics ....... et ee ee 13.0 13.2 13.9 13.3 13.6 13.5 14.2 142 14.0 13.8 14.1 14.6 13.6 
Earth and space sciences........ 3.2 29 3.2 3.0 3.9 3.6 3.6 3.3 3.5 35 3.5 3.9 41 
Engineering and technoiogy...... 6.2 5.2 5.9 5.7 47 3.9 3.8 43 3.8 43 44 a4 46 
Mathematics ............ 2.4 2.1 23 26 22 2.1 1.7 2.0 2.0 1.7 18 1.5 16 

Japan 

Ee ar 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Clinical medicine. .............. 23.6 24.3 25.5 25.8 26.5 27.3 29.1 26.8 2° 27.9 29.9 30.0 30.4 
Biomedical research ............ 13.7 142 14.3 14.0 14.7 15.4 15.8 15.1 15.8 15.8 158 15.6 15.8 
Biology 9.6 96 9.0 94 8.3 75 78 7.4 72 73 74 68 69 
tt. si ndducede4ades ees 23.6 22.9 21.1 21.3 19.9 20.0 19.9 18.7 18.0 19.7 18.0 17.7 16.7 
teks cide eds eeaes as 14.9 15.2 14.2 13.9 16.1 15.6 15.8 20.1 186 18.5 17.7 19.4 19.0 
Earth and space sciences 16 14 14 15 2.0 23 22 19 22 2.1 2.1 2.0 22 
Engineering and technology 11.3 10.6 12.5 12.3 10.8 11.2 85 88 79 79 8.1 76 8.1 
i  éven cas abbeneée es 18 18 19 18 1.7 09 0.9 12 12 08 1.0 08 08 


JSA/ 


Appendix table 5-33. 


Selected countries’ distribution of scientific and technical literature, by fieid: 1981-93 


(page 4 of 7) 
a ae . 
Fie 1981 1982 1983 1 O64 1985 1986 1987 1968 1989 1990 1991 1992 19393 
- = — Percent of country's total in feid ———__— -——_-—— - 
Canada 

I a 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Clinical medicine............... 27.7 278 28.2 28.7 28.9 30.3 35 29.7 3.1 28.9 30.1 30.3 289 
Biomedical research ............ 15.6 15.7 16.6 15.7 15.9 155 16.6 16.5 16.7 17.4 169 17.1 176 
Ns tiband 99 eekaneautia 17.0 18.0 175 18.0 17.3 17.0 168 175 16.3 169 153 15.2 15.3 
Es tan danesahennean 4 11.6 11.6 10.5 10.3 10.4 10.2 10.1 96 96 10.0 92 99 S39 
ESE ee 92 94 90 83 10.4 10.0 9.1 49 97 96 10.5 10.0 105 
Earth and space scsences 62 65 6.0 66 64 7.3 75 6.7 76 73 7.7 75 7.7 
Engineering and technology ... . . . 90 793 89 87 8.1 76 74 73 7.0 74 78 78 73 
ee 3.7 3.1 3.1 2.7 26 22 19 2.7 293 2.0 2.0 22 22 

Former Soviet Union 

EE ae aS eS 100.0 100.0 100.0 100.0 100.0 100.0 106.0 100.0 100.0 100.0 100.0 100.0 100.0 
Clinical medicine............... 128 13.0 123 12.7 12.0 12.4 12.8 129 12.3 116 13.3 78 67 
Biomedical research ............ 16.6 118 11.2 114 165 18.4 18.8 18.1 17.3 17.2 176 158 122 
EE ey Tee er 36 3.6 34 3.7 3° 28 28 29 27 29 28 3.0 3.7 
DT néewicedeeesectdens 30.7 305 32.7 318 27% 28.6 26.9 278 272 28.1 26.0 275 275 
eine ieee ee cee uhewa 25.6 26.2 248 26.1 278 272 278 292 312 306 23.3 33.0 36 
Earth and space sciences........ 5.8 58 5.7 5.3 42 44 47 3.7 43 41 40 5.7 55 
Engineering and technology ...... 79 69 74 72 5.5 5.0 49 43 41 43 5.8 5.6 65 
ees cate eae eine bce 2.6 2.1 19 19 09 12 12 1.1 1.0 12 12 15 13 

Other Easterr/Centra! Europe 

I a a 100.0 100.0 100.0 100.0 100.0 100.0 100.0 "3.0 100.0 100.0 100.0 100.0 100.0 
Clinical medicine............... 19.2 17.9 17.3 17.1 16.2 168 15.9 149 45 15.2 14.0 142 128 
Biomedical research ............ 15.6 15.3 145 140 16.9 17.3 18.3 16.5 168 16.9 16.4 15.1 163 
Pca seseske cesanecetbes 9.5 9.1 94 96 74 5.1 45 45 4g 5.0 49 53 55 
ii ncge ye onubeseshes 298 30.1 315 316 38 319 31.2 30.0 315 298 316 314 31.3 
Dt cibskekasseseeesees 145 15.3 15.5 49 16.7 18.3 19.0 216 20.7 21.7 21.0 216 214 
Earth and space sciences....... 2.3 25 24 23 23 29 25 22 22 28 3.2 3.0 34 
Engineering and technology... ... 6.2 66 64 7.1 55 49 59 6.1 55 57 63 63 6.7 
eA na a Caine ai 29 3.2 3.0 34 42 29 26 42 39 27 28 33 26 
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Appendix table 5-33. 8 
Selected countries’ distribution of scientific and technical literature, by field: 1981-93 ow 
(page 5 of 7) 
Article publication year | 
Field 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 | 
| 
Or OO ~ Percent of country’s total in field —__—-—-_-—- ne 
israel 
ES 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Clinical medicine............... 34.7 35.2 36.3 38.2 38.8 38.2 39.5 38.2 38.0 37.9 38.6 38.0 36.1 | 
Biomedical research ............ 15.0 16.6 16.1 15.3 15.2 15.5 15.3 14.6 15.0 15.8 15.7 16.1 15.6 
ini 6 ekg aesatas nse 11.9 10.5 10.7 11.1 9.6 9.7 9.8 9.1 10.5 9.9 10.2 9.5 9.8 
Ran deri eeeeecawes oes 9.3 8.5 7.9 9.0 8.8 8.5 7.9 7.3 8.5 7.8 7.1 7.1 7.3 
SS eee 13.6 14.1 13.2 12.4 12.4 13.8 13.9 16.2 14.7 15.3 15.0 15.5 16.9 
Earth and space sciences........ 3.5 3.4 3.5 3.0 3.3 3.2 43 42 3.6 3.3 4.1 40 5.3 
Engineering and technology ...... 7.9 7.3 7.5 77 8.2 7.3 6.1 6.5 6.3 6.4 6.4 6.8 5.6 
i so ee oe een ea wee 4.1 43 48 3.4 3.6 3.7 3.2 4.0 3.5 3.7 2.9 3.1 3.5 | 
Other Middie East 
Er 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Clinical medicine............... 30.8 29.1 26.9 28.0 31.1 32.0 33.5 33.4 32.2 32.0 36.7 39.2 36.7 
Biomedical research ............ 8.8 6.7 8.2 9.3 9.8 9.2 9.1 9.1 6.8 8.2 6.8 6.4 6.3 
cede k ans 99 64649452 13.9 12.6 12.4 11.4 9.4 8.9 9.1 9.4 10.3 9.2 9.6 10.5 10.1 
bah che eee enewnee ee 15.8 18.8 18.0 18.0 16.8 20.2 18.0 16.8 18.2 20.5 16.5 14.4 14.4 
Ee 8.8 94 8.7 8.3 8.6 9.4 6.6 8.0 7.5 8.6 8.3 76 9.3 
Earth and space sciences........ 43 3.0 6.1 5.0 48 46 4.7 5.5 6.0 46 6.1 6.0 46 
Engineering and technology ...... 13.6 13.6 16.7 16.4 16.3 13.7 16.8 15.4 16.9 14.9 14.4 14.4 17.0 
Mathematics .................. 4.7 6.8 4.1 43 3.9 2.7 2.8 3.1 2.9 2.7 1.9 2.0 1.5 
Africa 
EN tis chi abn hee eh are 5 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Clinical medicine............... 35.7 36.8 38.4 37.5 36.4 36.1 35.0 34.6 33.0 32.9 30.8 31.5 31.9 
Biomedical research ............ 9.0 9.5 9.0 94 10.4 10.5 12.2 11.3 11.9 10.3 10.9 10.5 10.1 
Biology ...... Serrrere TTT Te 21.2 20.5 20.7 21.0 19.0 18.8 19.0 18.8 18.5 20.1 19.1 18.4 19.5 
EE Ss wet khos etheen eee es 15.8 16.0 13.5 15.0 15.2 16.1 15.7 15.7 17.3 18.2 20.2 17.1 17.9 
re ere 5.2 5.5 5.1 49 5.2 6.1 5.8 6.3 6.4 6.6 7.2 78 7.7 
Earth and space sciences........ 4.1 3.6 40 3.8 5.5 5.5 5.7 5.6 5.9 5.4 6.1 7.3 5.8 
Engineering and technology ...... 7.2 6.4 78 6.5 6.3 5.7 5.5 5.8 5.6 5.5 5.2 6.3 5.7 


PD +.4¢6e¢e0n8eenss os 1.9 1.9 1.7 2.1 2.4 1.4 1.4 2.3 1.7 1.2 0.7 1.3 1.4 
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Selected countries’ distribution of scientific and technical literature, by field: 1981-93 
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Article publication year a ; oe 
Field 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
$$ —_——.—— Percent of country’s total in field 
Australia and New Zealand 

EE ee 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Clinical medicine............... 31.1 32.0 32.8 32.4 33.6 34.0 35.0 34.0 35.1 33.5 35.1 34.6 34.1 
Biomedical research ............ 12.3 12.9 12.7 12.6 14.4 14.0 14.3 14.8 14.5 14.6 15.4 14.9 14.7 
NN bib ae eeh oh een ee ewes 23.8 21.9 22.8 22.5 21.4 21.2 20.3 21.2 21.3 22.6 20.9 20.9 20.9 
ee 11.0 10.9 9.6 10.5 8.9 9.2 9.5 9.3 8.8 9.3 8.7 8.6 9.2 
RE 7.0 7.7 6.8 6.4 75 7.3 7.4 7.9 6.7 7.0 7.1 7.3 8.0 
Earth and space sciences........ 7.0 6.8 6.6 7.3 6.7 75 7.0 6.2 7.3 7.0 7.1 7.2 7.0 
Engineering and technology .... . . 5.6 5.6 6.8 6.3 5.3 5.2 49 46 42 46 4.4 5.0 45 
Rs ise wikdinicn €or anes 2.3 2.3 2.0 2.0 2.2 1.7 1.6 2.0 2.0 1.4 1.4 1.6 1.7 

india 

ia i tn oe we de pent 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Clinical medicine. .............. 12.9 12.9 13.4 12.5 12.4 11.7 14.2 13.3 12.5 14.8 13.9 14.0 13.7 
Biomedicai research ............ 13.7 11.2 12.2 12.1 16.9 17.5 16.3 13.8 15.7 12.2 11.8 12.1 12.3 
iis enka ee aehenwenws 16.4 16.5 15.0 14.9 8.9 8.6 9.8 10.2 9.2 9.1 8.9 8.6 8.2 
ne Eee EE eden cee wee 27.2 28.3 26.5 28.7 27.9 29.4 26.8 27.2 30.0 30.0 29.2 28.4 28.8 
ET 14.6 15.5 16.5 15.8 16.5 16.4 17.0 18.6 17.7 18.7 19.1 19.4 19.0 
Earth .nd space sciences........ 4.1 4.3 4.7 49 5.3 6.1 5.2 5.3 46 5.3 5.8 5.9 5.6 
Engineering and technology ..... . 8.1 8.3 8.8 8.2 9.0 8.9 9.6 9.8 8.7 8.7 10.3 10.5 11.1 
ERE RRR Pep 3.0 3.0 3.0 2.9 3.1 1.4 1.0 1.7 1.5 1.2 1.1 1.1 1.2 

Central and South America 

ee in oe ee wi ek bee 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Clinical medicine. .............. 31.4 31.3 31.9 27.2 28.3 28.8 26.6 25.2 26.9 28.5 26.9 27.6 25.8 
Biomedical! research............ 17.8 16.9 17.0 18.1 18.9 16.8 18.7 17.8 18.8 17.8 17.8 16.4 16.4 
Ec hettheernteshiees eee 14.4 14.5 14.2 15.1 12.5 12.3 12.6 12.9 12.6 13.3 14.1 13.1 14.2 
Pe 500eeeene 12.1 13.0 11.4 12.1 12.6 14.4 14.1 12.7 11.9 11.5 11.3 12.0 12.5 
echt: ptekdh ekent enews 13.0 14.1 13.7 16.0 16.9 16.5 16.4 18.7 18.0 17.2 17.8 18.4 19.0 
Earth and space sciences........ 5.1 44 45 45 45 5.4 5.9 5.4 5.3 5.5 5.9 5.9 5.8 
Engineering and technology .... . . 4.2 3.7 5.4 4.7 4.0 3.8 3.5 46 4.1 42 4.1 4.4 4.1 
DE vi.cex te ciaeesedes 2.0 2.1 2.0 2.5 2.4 2.3 2.3 2.6 2.5 2.1 2.2 2.4 2.3 

(continued) 
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Appendix table 5-33. 


Selected countries’ distribution of scientific and technical literature, by field: 1981-93 


(page 7 of 7) 
Article publication year 
Field 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
Percent of country’s total in field 
China 

SF 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Clinical medicine. .............. 14.4 18.5 16.1 15.4 14.8 17.1 12.3 11.3 11.8 14.1 10.9 10.3 9.1 
Biomedical research ............ 45 5.6 5.4 5.1 9.2 11.3 9.8 7.5 78 78 7.9 7.7 74 
CS «cs anhoeeteaee 600% 16.2 16.4 16.2 13.6 8.0 48 48 3.1 3.6 3.8 40 3.8 3.9 
CT cinetc tnt aetedscess 8.1 9.4 10.0 8.2 95 12.1 15.6 14.6 15.1 17.9 19.0 19.6 22.5 
ia cee a nd au 21.9 22.3 19.9 23.8 29.5 31.6 35.0 42.7 39.5 36.8 35.0 38.0 35.3 
Earth and space sciences........ 21.9 15.1 12.7 16.6 13.8 8.5 6.7 5.5 3.8 3.1 5.8 3.2 3.4 
Engineering and technology ...... 10.3 7.1 12.7 10.6 11.7 12.4 13.2 12.1 15.1 13.1 13.8 13.4 14.2 
Mathematics .................. 28 5.6 6.9 6.8 3.5 2.3 2.6 3.2 3.3 3.4 3.5 40 43 

East Asian NIEs 

iin con tage tbe aed-es 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Clinical medicine............... 19.1 16.3 17.3 22.2 20.1 18.5 25.2 25.1 25.1 23.4 21.9 23.1 21.2 
Biomedical research ............ 8.0 94 6.4 6.8 7.7 7.0 95 8.6 92 8.3 9.1 93 9.2 
ee ek thedhadon obs <see 12.2 10.6 11.0 9.0 7.2 5.8 7.1 7.0 6.8 5.9 5.4 5.4 5.1 
aki eth cenewesne ke 20.6 22.7 23.4 22.1 21.0 24.2 21.1 18.9 19.5 21.3 22.0 20.8 20.9 
ik a all ed ln wn one 13.9 16.6 15.1 15.0 17.3 17.2 13.8 15.6 15.3 16.1 16.5 17.5 18.3 
Earth and space sciences........ 3.1 1.9 1.1 1.4 1.9 2.7 2.7 14 1.7 2.0 1.9 2.1 2.2 
Engineering and technology ...... 17.0 15.2 20.8 20.3 19.9 22.0 18.5 20.2 19.0 21.3 21.2 19.6 21.2 
Mathematics .................. 6.4 7.6 46 3.4 5.2 2.7 2.1 3.3 3.3 1.8 1.9 2.1 1.9 

Other Asian/Pacific 

ee eee 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Clinical medicine. .............. 28.1 29.2 26.7 28.8 27.5 27.3 28.8 32.3 31.3 32.6 34.9 35.1 34.2 
Biomedical research............ 10.3 10.1 11.5 9.6 11.2 10.1 10.6 9.9 9.6 9.9 8.8 9.5 92 
nt cnt be oa690 6004200068 24.5 26.8 24.8 23.9 20.7 22.0 21.0 19.3 18.9 19.6 17.5 17.4 15.8 
ee 98 9.9 11.4 13.1 13.3 15.2 14.9 13.1 14.7 14.3 14.0 15.2 15.8 
PL hav. ct nenkiode eenee 10.3 10.0 9.0 10.2 10.8 9.7 9.2 9.7 95 8.1 10.4 9.0 10.2 
Earth and space sciences........ 4.1 48 3.8 4.0 47 6.0 5.8 5.0 6.1 5.9 5.2 48 5.6 
Engineering and technology ...... 10.3 7.6 10.6 7.3 8.5 8.3 8.6 76 8.0 7.9 75 7.7 78 
EE 3.0 2.1 2.4 3.1 3.6 1.9 1.5 3.6 2.3 2.1 2.0 1.8 1.4 


NIE = newly industnalized economy 


SOURCES § Institute for Scientific Information, SCi data base; CHi Research Inc., Science and Engineering indicators data base; and NSF special tabulations. 


See figure 5-21. 
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Appendix table 5-34. % 

Coauthored and internationally coauthored articles for selected countries: 1981-87 and 1988-93 i 

1981-87 1988-93 1981-87 1988-93 Change in nd 

All Coauthored International All Coauthored International Coauthored International Coauthored International international m 

Country articles articles coauthored articles articles coauthored articles coauthored articles coauthored coauthored =] 

. Number — = Percent 3 

EE 2,266,532 807,431 150,836 2,827,380 1,228,661 289,933 35.6 6.7 43.5 10.3 3.6 é 

United States ............ 987,214 451,613 90,552 908,125 478,964 124,305 45.7 9.2 52.7 13.7 45 S 

United Kingdom. .......... 237,354 86,588 36,450 210,685 99,984 46,595 36.5 15.4 47.5 22.1 6.8 S 

Germany................ 203,442 72,360 35,384 192,629 88,738 49,940 35.6 17.4 46.1 25.9 8.5 S 

hee ne ads ek 142,584 68,520 27,159 142,805 82,830 40,034 48.1 19.0 58.0 28.0 9.0 ' 

Se 68,779 39,690 14,137 79,833 53,372 23,236 57.7 20.6 66.9 29.1 8.6 ~ 

Other Southern Europe ..... 44,183 18,451 8,759 66,883 35,088 19,600 41.8 19.8 52.5 29.3 9.5 3 
Nordic countries .......... 111,456 59,904 24,017 106,336 65.859 32,750 53.7 21.5 61.9 30.8 9.3 
Other Western Europe... ... 141,463 62,966 34,492 145,582 82,179 49,235 445 24.4 56.4 33.8 9.4 
NE ie did et ae S © 0 0 fs 199,707 69,763 13,337 219,280 99,943 23,076 34.9 6.7 45.6 10.5 3.8 
EE 122,262 53,852 22,653 120,454 64,225 29,996 44.0 18.5 53.3 249 6.4 
Former Soviet Union ....... 210,786 33,794 6,542 172,854 36,488 13,021 16.0 3.1 21.1 75 44 
East/Central Europe........ 78,696 29,002 14,981 66,296 33,171 21,946 36.9 19.0 50.0 33.1 14.1 
EE 32,054 17,929 7,944 28,957 18,571 9,676 55.9 24.8 64.1 33.4 8.6 
Other Middie East ......... 7,835 3,345 2,206 9,066 4,273 2,599 42.7 28.2 47.1 28.7 0.5 
I 38,359 17,514 9,165 36,851 20,555 12,459 45.7 23.9 55.8 33.8 9.9 
South/Central America... ... 37,553 17,924 10,216 42,967 24,850 15,615 47.7 27.2 57.8 36.3 9.1 
Australia & New Zealand .... 74,342 26,829 10,957 69,393 32,454 14,988 36.1 14.7 46.8 21.6 6.9 
TS sia at ake We ie i ah 73,982 15,193 5,148 52,336 15,392 5,994 20.5 7.0 29.4 11.5 45 
0 ee 14,734 5,583 3,487 30,437 14,781 8,253 37.9 23.7 48.6 27.1 3.4 
I a hore ed nee a 10,109 4,343 2,565 29,846 14,932 6,830 43.0 25.4 50.0 22.9 -2.5 
Ee 10,973 5,554 4,206 14,499 8,795 6,333 50.6 38.3 60.7 43.7 5.3 


NIE = newly industrialized economy 
SOURCES: institute for Scientific information, SCi data base; CHi Research Inc., Science and Engineering Indicators data base; and NSF special tabulations. 
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Appendix table 5-35. 
Patterns of international collaboration in science and engineering research: 1981-87 and 1938-93 


(page 1 of 2) 
Collaborating country ———— 
Source country An Me fi us UK Ge Fr t SEO NC WEO Ja Ca uSSR E£0 ts moO At ANZ In SCA Ch WNIES APO 
$$ _ — Percent shared ——_____— 
1981-87 

United States (US)... . . . 987.214 46 9 NA 12 11 7 5 3 7 10 7 12 1 2 5 1 2 - 2 5 2 1 1 

United Kingdom (UK) 237,354 3 15 28 NA 8 7 5 4 7 11 2 6 0 2 2 1 4 6 2 2 1 1 1 

Germany (Ge)......... 203,442 3% 17 25 9 NA 8 4 3 7 16 3 2 3 8 2 0 2 2 1 2 1 0 1 

France (Fr) ........... 142,584 48 19 23 + 10 4 =NA 7 5 5 15 2 6 1 4 1 0 6 1 1 3 1 0 0 
ee 68.779 58 21 26 812 S 12 NA 3 5 16 1 2 2 4 1 0 1 1 1 2 0 0 6) 
SEurope, other (SEO) 44016 42 20 23. «14 1 14 6 NA 5 11 1 3 2 < 1 0 1 1 1 3 0 0 0 
Nordic countnes (NC) 111,023 54 21 30 13 12 7 a 2 NA 12 2 a 2 2 1 0 1 2 1 1 1 0 1 

WeEurope, other (WEO) 142063 45 24 24 12 17 12 7 3 7 NA 2 3 1 < 1 0 2 2 1 1 0 0 0 
rr 199,707 35 7 48 6 9 4 1 1 3 5 NA 5 1 2 1 0 1 2 2 1 2 3 2 
Canada (Ca).......... 122,262 44 19 47 10 a 8 2 1 a 5 3 NA 0 2 1 1 2 a 2 2 1 1 0 
Former USSR (USSR) 210,786 16 3 9 2 24 6 4 3 7 7 1 1 NA 31 0 0 0 0 i 1 0 0 1 

EEurope, other (EEO) 78696 37 19 15 6 21 8 5 3 7 10 2 4 16 NA 0 0 1 1 1 1 0 0 0 
israel (is)... .... 32,054 56 25 55 7 10 5 2 1 4 6 1 3 0 1 NA 0 2 1 0 1 0 0 0 
Mideast, other (MO)... .. 7835 43 2B 32 0 21 5 6 1 1 3 3 1 6 1 1 O NA 11 1 3 1 0 1 1 

Africa (Af)... ... iy 38,357 46 24 2 17 7 18 2 1 3 8 1 4 0 2 2 2 NA 2 2 2 0 0 1 

Australia NZ (ANZ) 74432 % 15 3% 21 6 4 1 1 5 6 3 8 0 1 1 0 2 NA 1 1 1 1 2 

india(in)............. 73,982 21 7 32 «(12 10 4 3 1 3 6 5 8 1 2 0 1 3 3 NA 2 0 1 2 

S/Ctri America (SCA) .... 37553 48 27 44 8 8 9 3 4 3 4 2 6 1 2 1 0 2 1 1 NA 0 0 1 

China (Ch). To .. 473 B 24 48 7 8 6 2 1 3 4 9 5 0 1 0 0 0 4 0 0 NA 1 0 
East Asian NiEs (NIE).... 10,109 43 25 48 8 3 2 0 1 1 1 17 5 0 0 1 0 1 3 1 1 2 NA 3 
Asian/Pacific, other (APO) 10.975 51 38 28 8616 8 3 1 1 3 4 8 3 2 2 0 1 2 9 2 2 0 2 NA 

1988-33 

United States (US) 908.125 53 14 NA 10 10 8 5 4 7 9 8 11 2 3 4 1 2 4 2 5 2 3 1 

United Kingdom (UK) 210,685 47 22 25 NA 8 7 5 6 7 12 3 5 1 3 1 1 4 5 1 2 1 1 1 

Germany (Ge) 192.629 46 26 23 8 WNA 8 5 4 6 16 3 3 5 8 2 0 2 2 1 2 1 0 1 

France (Fr) 142805 58 28 21 8 10 3 3=60NA 7 7 5 14 2 5 2 4 1 0 5 1 1 3 1 0 0 
Italy (It) 79,833 67 29 24 #410 4 11 NA 6 5 14 2 3 3 5 1 0 1 1 1 3 1 0 0 
SEurope, other (SEO) 66.741 52 29 20 13 11 14 7 NA 6 1 1 3 3 4 1 0 1 1 0 4 1 0 0 
Nordic countnes (NC) 105.636 62 31 26 «CO 11 7 4 4 NA 12 3 4 4 5 1 0 2 2 1 2 1 0 1 

WeEurope, other (WEO) 146,424 57 34 21 «(11 16 12 7 5 7 NA 2 3 2 4 1 0 2 1 1 2 1 0 1 

Japan (Ja) 219.280 46 11 43 6 8 5 2 1 4 6 NA 5 1 2 1 0 1 3 1 1 4 3 2 

Canada (Ca) 120,454 53 25 43 8 5 8 2 2 4 6 4 WA 1 3 2 0 2 3 1 3 2 1 1 

Former USSR (USSR) 172,854 21 8 15 5 19 7 6 4 8 8 2 2 NA 17 1 0 1 1 1 2 1 0 1 

EEurope, other (EEO) 66.296 50 33 17 6 19 8 6 4 8 10 2 3 11. =NA 0 0 1 1 1 1 1 0 0 
israel (is) 28.957 64 33 50 6 11 6 3 1 3 6 2 5 1 1 NA 0 2 1 0 1 0 0 0 
Mideast, other (MO) 10,528 46 28 27 «21 7 4 2 1 4 4 2 5 1 1 O NA 12 2 3 1 0 1 1 

Africa (Af) 36,851 56 ce 23.—C «15 7 19 3 1 5 9 2 4 1 1 1 2 NA 2 1 2 0 0 1 

Australia NZ (ANZ) 69.393 47 22 ce] 18 7 4 2 1 5 6 a 7 1 1 1 0 2 NA 1 1 2 2 3 
india (in) 52.336 29 11 31 11 11 5 4 2 3 6 5 6 2 3 0 1 2 2 NA 2 1 1 2 

(continued) 
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Ja 
Percent shared 
2 
11 
12 
9 


1 
0 
1 
0 
NA 
1 
1 
0 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
2 
0 
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SEO ANC WEO 
4 
4 
2 
3 
Percent change, 1988--93 vs. 1981-87 
1 
0 
0 
0 
0 
1 
NA 
0 
1 
0 
1 
1 
-1 
1 
1 
0 
0 
1 
0 
0 
0 
multiple authors: Int’! = imternational 


Fr 
10 
5 
2 
4 
0 
0 
0 
NA 
2 
0 
0 
0 
0 
0 
1 
0 
1 
2 
1 
0 
1 
1 
1 
1 
0 
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us 
3 
33 
49 
24 
NA 
4 
-3 
-1 
-2 
-3 
4 
-2 
-§ 
4 
7 
2 
-5 
-5 
-2 
-2 
-2 
8 
~15 
1 
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27 
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a5 
5 
7 
s] 
9 
9 
9 
Q 
9 
4 
6 
4 
14 
9 
0 
10 
7 
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9g 
3 
2 
5 


7 
11 
10 
10 

9 

8 
12 
11 

9 

5 
13 

) 

4 
10 
11 

9 
10 
11 

7 
10 


11 


42967 58 36 
30.437 49 
29.846 50 
14.499 61 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 


newly industrialized economy. NZ : int’ 
NOTE. Percent shared refers to the percentage of the source country’s internationally coauthored articies that are shared with the collaborating Country 


SOURCES institute for Scientific information, SCi data base. CH! Research inc. Scrence and Engineenng indicators data base. and NSF special tabulations 
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Appendix table 5-36. ed 
Articies in U.S. natural science and engineering journals, by sector and fieid: 1981-93 > 
(page 1 of 5) 7 
All Academic Federa! Nonprofit Academic Federai Nonprofit 
sectors instituhons industry Government FFRDCs INSttuLONs Other INSttUTONS industry Government FFRDCs institutions Other 
Number Percent 
Ciinical medicine 

1981 _ 48,073 32,841 1,563 4,995 256 6.746 1,673 68.3 3.3 10.4 05 149 35 
1982 48,531 33,388 1,626 5,006 235 6.554 1,722 68.8 34 10.3 05 13.5 35 
1983 48.055 32,871 1,732 4.916 207 6.746 1,584 68 4 3.6 10.2 04 140 3.3 
1964. 48,735 33,319 1,860 4,992 216 6.762 1,587 68 4 38 10.2 04 13.9 3.3 
1985 50,737 35, 106 1,841 4976 288 6.968 1,558 69.2 36 98 06 13.7 3.1 
1986 50.734 34,987 2,116 5,029 254 6,803 1546 69.0 42 8.9 05 13.4 3.0 
1987 49 904 34,786 2,075 4,867 204 6.498 1475 69.7 42 98 04 13.0 3.0 
1988 49.930 34,721 2,146 4.846 225 6.633 1,362 69.5 43 97 05 13.3 27 
1389 50.509 H33s 2.380 4,685 193 6,841 1,472 692 47 $3 04 13.5 29 

990 50.321 35,058 2.477 4,623 192 6.588 1,384 69.7 49 92 04 13.1 28 
1991 50,141 34,794 2.545 4,510 195 6,678 1,420 69.4 5.1 9.0 04 13.3 28 
1992 50,325 35,111 2,638 4 288 179 6.618 1,493 69.8 52 65 04 13.2 3.0 
1993 50.257 34,658 2,685 4,306 186 6 968 1,454 69.0 53 86 04 13.9 29 

Biomedicai research 

19451 21,848 16,904 563 2,101 377 1,578 326 774 26 96 1.7 72 15 
1982 22,733 17,705 568 2,085 336 1,702 337 779 25 92 15 75 15 
1983 22,497 17,359 687 2.128 342 1,638 342 772 3.1 95 15 73 15 
1984 22,196 17,113 771 2.044 280 1,652 338 77.1 35 32 13 74 15 
1985 24.461 18,825 921 2,253 332 1,771 359 77.0 38 92 14 72 15 
1986 24,765 18,797 1,164 2.291 344 1,818 352 759 47 93 14 73 14 

1987 24,543 18,572 1,208 2,33 357 1.778 324 75.7 49 94 15 72 13 
1988 25,072 19,074 1,263 2,220 361 1,882 272 76.1 5.0 89 14 75 11 

1989 26,541 20,157 1,367 2,385 357 2.015 261 759 52 9.0 13 76 1.0 
1990 26.660 20,279 1,382 2.336 379 1,977 308 76.1 52 88 14 74 12 

1991 26.918 20,444 1,524 2,258 413 1,982 297 759 5.7 64 15 74 1.1 
1992 27.782 21,255 1,535 2.273 360 2,050 309 76.5 5.5 8.2 13 74 11 
1993 27,120 20,687 1,508 2.276 329 2,009 310 76.3 56 B84 12 74 1.1 

(continued) 
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Appendix table 5-36. 


Articles in U.S. natural science and enyineering journals, by sector and field: 1981-93 


(page 2 of 5) 
All Academic Federal Nonprofit Academic Federal Nonprofit 
sectors institutions industry Government FrRDCs institutions Other institutions industry Government FFRDCs institutions Other 
Number Percent 
Biology 
1981 14,739 11,053 332 2,221 130 553 451 75.0 2.3 15.1 0.9 3.8 3.1 
1982 . 14.974 11,458 364 2,169 136 460 388 76.5 24 14.5 0.9 3.1 2.6 
1983 14,216 10,804 342 2,136 113 471 351 76.0 24 15.0 0.8 3.3 2.5 
1984 _. 14,166 10,690 412 2,123 119 455 368 75.5 2.9 15.0 0.8 3.2 26 
1985 .. 13,083 10,077 383 1,792 96 398 337 77.0 2.9 13.7 0.7 3.0 2.6 
1986 . 13,002 10,06¢ 337 1,862 69 380 285 774 26 14.3 0.5 29 22 
1987 . 12.231 9,547 359 1,670 73 328 255 78.1 2.9 13.7 0.6 2.7 2.1 
1988 . 12,370 9,562 363 1,702 95 395 253 77.3 29 12.6 0.8 3.2 2.0 
1989 12,726 9,705 385 1,812 85 431 308 76.3 3.0 14.2 07 3.4 24 
1990 _.. 13,182 10,015 444 1,928 89 410 296 76.0 3.4 14.6 0.7 3.1 2.2 
1991 12,862 9.743 439 1,875 59 422 325 75.8 3.4 146 0.5 3.3 25 
1992 12,062 9,154 398 1,708 61 424 319 75.9 3.3 14.2 0.5 3.5 2.6 
1993 11,304 8,583 395 1,595 65 375 292 75.9 3.5 14.1 9.6 3.3 2.6 
Chemistry 
1981 10,880 7,647 1,798 687 437 243 68 70.3 16.5 6.3 4.0 2.2 0.6 
1982 11,758 8,242 1,860 848 478 245 86 70.1 15.8 7.2 41 2.1 0.7 
1983 ......... 11,010 7,710 1,880 716 421 214 71 70.0 17.1 6.5 3.8 1.9 0.6 
1984 11,137 7,941 1,761 764 427 180 64 71.3 15.8 6.9 3.8 1.6 0.6 
1985 . 11,585 8,137 1,951 Fig 418 217 68 70.2 16.8 6.9 3.6 1.9 0.6 
1986 12,313 8,734 2,101 734 491 189 66 70.9 17.1 6.0 4.0 1.5 0.5 
1987 11,827 8.455 2.010 694 439 182 48 71.5 17.0 5.9 3.7 15 0.4 
1988 12,384 8,867 2,051 726 477 202 62 71.6 16.6 5.9 3.9 1.6 0.5 
1989 12,405 9,025 1,960 685 489 190 55 728 15.8 5.5 3.9 1.5 0.4 
1990 12,719 9,272 2,054 666 470 182 75 72.9 16.1 5.2 3.7 14 0.6 
1991 13,086 9,446 2,122 699 485 239 95 72.2 16.2 5.3 3.7 1.8 0.7 
1992 . 12,926 9,561 1,981 686 435 195 69 74.0 15.3 5.3 3.4 1.5 0.5 
1993 13,252 9,789 2,045 633 443 272 70 729 15.4 48 3.3 2.1 0.5 
(continued) 
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Appendix table 5-36. 


Articles in U.S. natural science and engineering journals, by sector and field: 1981-93 


(page 3 of 5) 
All Academic Federal Nonprofit ‘\cademic Federal! Nonprofit 
sectors institutions industry Government FFRDCs institutions Other institutions industry Government FFRDCs institutions Other 
Number Percent 
Physics 
1981 13,053 8,123 2,135 835 1,754 180 28 62.2 16.4 6.4 13.4 1.4 0.2 
1982 ....... 13,255 8,195 2,224 848 1,748 202 38 61.8 16.8 6.4 13.2 1.5 0.3 
1983 .. 13,021 8,197 2,086 760 1,727 200 51 63.0 16.0 5.8 13.3 1.5 0.4 
1984 ....._... 12.691 8,118 2,007 754 1,567 199 47 64.0 15.8 5.9 12.3 1.6 0.4 
1905 ....... 15,903 9,802 2,823 933 2,054 234 56 61.6 17.8 5.9 12.9 15 0.4 
1986 ee 16,360 10,129 2,881 917 2,195 206 33 61.9 17.6 5.6 13.4 1.3 0.2 
1987 16,078 10,209 2,739 854 2,006 229 42 63.5 17.0 5.3 12.5 1.4 0.3 
1988 17.499 11,111 3,024 936 2,159 231 37 63.5 17.3 5.3 12.3 1.3 0.2 
1989 17,649 11,392 2,915 949 2,107 245 41 64.5 16.5 5.4 11.9 14 0.2 
1990 17,241 11,112 2,939 905 2,008 236 41 64.5 17.0 5.2 11.6 1.4 0.2 
1991 18.077 11,866 2,889 1,000 2,018 249 57 65.6 16.0 5.5 11.2 14 0.3 
1992 17,847 11,814 2,812 1,026 1,919 214 62 66.2 15.8 5.7 10.8 1.2 0.3 
1993 16,912 11,641 2,241 990 1,757 216 68 68.8 13.3 5.9 10.4 1.3 0.4 
Earth and space sciences 
1981 7,258 4,710 408 1,164 562 315 97 64.9 5.6 16.0 7.7 43 1.3 
1982 7,057 4,529 461 1,092 554 312 109 64.2 6.5 15.5 79 44 1.5 
1983 6,862 4,371 448 1,091 519 330 104 63.7 6.5 15.9 76 48 1.5 
1984 6,748 4.329 447 1,062 523 296 92 64.2 6.6 15.7 78 44 1.4 
1985 7,662 4,795 598 1,197 534 364 177 62.6 78 15.6 7.0 48 2.3 
1986 7,811 4,985 580 1,206 579 285 178 63.8 7.4 15.4 74 3.6 2.3 
1987 7,797 4,984 587 1,169 568 323 166 63.9 75 15.0 7.3 41 2.1 
1988 7,653 4.916 516 1,120 526 418 157 64.2 6.7 14.6 6.9 5.5 2.1 
1989 . 7,770 4,954 565 1,112 535 429 176 63.8 7.3 14.3 6.9 5.5 2.3 
1990 7,716 4,941 481 1,147 548 457 142 64.0 6.2 14.9 7.1 5.9 1.8 
1991 8,138 5,155 605 1,149 569 471 189 63.3 7.4 14.1 7.0 5.8 2.3 
1992 . 8.233 5 363 596 1,149 552 416 159 65.1 7.2 14.0 6.7 5.1 1.9 
1993 8,522 5,632 522 1,186 561 453 170 66.1 6.1 13.9 6.6 5.3 2.0 
(continued) 


53/ 


* 922 


sajge| xipueddy y xipueddy 


Appendix table 5-36. % 

Articles in U.S. natural science and engineering journals, by sector and field: 1981-93 z 

(page 4 of 5) x 

Qe 

All Academic Federal Nonprofit Academic Federal Nonprofit m 

sectors institutions industry Government FFRDCs institutions Other institutions industry Government FFRDCs institutions Other $ 

Number Percent : 

Engineering and technology > 

= 

1981 ......... 12,486 5,555 4.191 1,009 1,220 283 229 44.5 33.6 8.1 9.8 2.3 18 S 

1982 ......... 11,619 5,518 3,778 926 974 220 202 47.5 32.5 8.0 8.4 1.9 1.7 a 

ee 13,104 5,936 4,419 1,071 1,253 270 157 45.3 33.7 8.2 9.6 2.1 1.2 

1984 ......... 11,976 5,830 3,870 999 874 256 149 48.7 32.3 8.3 7.3 2.1 1.2 $ 
1985 ........ 10,822 5,442 3,081 847 1,152 198 103 50.3 28.5 78 10.6 1.8 1.0 
1986 ......... 9,774 5,369 2,579 790 776 180 81 54.9 26.4 8.1 7.9 1.8 0.8 
1987 ....... 9,225 5,291 2,165 630 921 151 67 57.4 23.5 6.8 10.0 1.6 0.7 
1988 ......... 9,488 5,537 2,336 660 698 171 86 58.4 24.6 7.0 7.4 1.8 0.9 
1989 ......... 9,568 5,676 2,266 678 714 169 65 59.3 23.7 7.1 7.5 1.8 0.7 
1990 ......... 10,113 6,084 2,402 694 677 159 98 60.2 23.8 6.9 6.7 1.6 1.0 
1991 ......... 9,999 5,979 2,441 715 608 153 104 59.8 24.4 7.2 6.1 1.5 1.0 
Je 10,833 6,634 2,333 809 777 176 105 61.2 21.5 7.5 7.2 1.6 1.0 
1993 ......... 10,051 6,185 2,242 736 601 158 130 61.5 22.3 7.3 6.0 1.6 1.3 

Mathematics 
1981 ......... 3,943 3,579 151 87 55 61 11 90.8 3.8 2.2 1.4 1.5 0.3 
1982 ....... ; 3,697 3,301 158 110 50 71 7 89.3 4.3 3.0 1.4 1.9 0.2 
eee 3,649 3,307 166 62 47 63 5 90.6 45 1.7 1.3 1.7 0.1 
1984 : 3,462 3,116 138 90 49 65 7 90.0 4.0 2.6 1.4 1.9 0.2 
1985 - 3,659 3,254 176 111 44 63 11 88.9 48 3.0 1.2 1.7 0.3 | 

1386 3,109 2,811 121 68 56 49 4 90.4 3.9 2.2 1.8 1.6 0.1 
1987 se 2,893 2,580 130 68 53 57 6 89.2 45 24 1.8 2.0 0.2 
1988 . 3,745 3,388 154 88 53 51 11 90.5 4.1 2.3 1.4 1.4 0.3 
1989 3,664 3,367 126 67 52 40 12 91.9 3.4 1.8 1.4 1.1 0.3 
1990 - 3,040 2,736 117 80 39 56 12 90.0 3.8 2.6 1.3 1.8 0.4 
1991 3,111 2.849 95 60 46 50 12 91.6 3.1 1.9 1.5 1.6 0.4 
1992 3,165 2.889 130 47 37 55 7 91.3 4.1 1.5 1.2 1.7 0.2 
1993 3,170 2,875 119 74 45 49 7 90.7 3.8 2.3 1.4 1.5 0.2 
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Appendix table 5-36. 

Articies in U.S. natural science and engineering journals, by sector and field: 1981-93 

(page 5 of 5) 

All Academic Federal Nonprofit Academic Federal Nonprofit 
sectors institutions industry Government FFRDCs institutions Other institutions industry Government FFRDCs institutions Other 
Number Percent 
All natural science and engineering fields 

1981 ......... 132,280 90,411 11,140 13,098 4,791 9,959 2,882 68.3 8.4 9.9 3.6 75 2.2 
BE scccdsaws 133,624 92,336 11,039 13,084 4,511 9,765 2,889 69.1 8.3 98 3.4 7.3 22 
1983 ......... 132,414 90,555 11,759 12,879 4,627 9,932 2,663 68.4 8.9 9.7 3.5 75 2.0 
1984 ......... 131,111 90,455 11,266 12,825 4,053 9,864 2,651 69.0 8.6 9.8 3.1 75 2.0 
1906 ......... 137,913 95,439 11,774 12,903 4.918 10,214 2,668 69.2 8.5 9.4 3.6 74 1.9 
1986 ......... 137,869 95,880 11,878 12,897 4,760 9,912 2,543 69.5 8.6 9.4 3.5 72 18 
1987 ......... 134,498 94.424 11,273 12,255 4,620 9,546 2,383 70.2 8.4 9.1 3.4 7.1 18 
1988 ...... - 138,141 97,176 11,852 12,298 4,592 9,983 2,240 70.3 8.6 8.9 3.3 72 1.6 
1989 ......... 140,832 99,215 11,963 12,372 4,532 10,360 2,390 70.4 8.5 88 3.2 74 1.7 
1990 ......... 140,993 99,499 12,295 12,378 4,402 10,065 2,354 70.6 8.7 8.8 3.1 7.1 1.7 
a ee 142,332 100,275 12,660 12,265 4,391 10,242 2,498 70.5 8.9 8.6 3.1 72 1.8 
1992 ......... 143,173 101,780 12,421 11,986 4,319 10,149 2,520 71.1 8.7 8.4 3.0 7.1 18 
1993 ........ 140,587 100,050 11,755 11,796 3,986 10,499 2,502 71.2 8.4 8.4 28 75 1.8 


FFRDC = federally funded research and development center 


NOTE: In this table, multi-author papers with authors’ institutional affiiations in different sectors have been prorated; e.g., a two-author paper with an academic and an industry author is counted as one-half paper in 
each sector 


SOURCES: Institute for Scientific Information, SCi data base; CH! Research inc., Science and Engineering indicators data base; and NSF. special tabulations 
See figure 5-26 
Science and Engineering indicators — 1996 


{3H 


¢ 82 


sejqe, xipueddy y xipueddy 


Appendix table 5-37. 
intersectora! coauthorship of U.S. natural science and engineering articies: 1981-93 


(page 1 of 3) 
Arucies coauthored with 
Ali articles All sectors Academia industry Federal FFRDCs Nonprofit Other Allsectors Academia industry Federal FFRDCs Nonprofit Otner 
Number Percent 

Academic institutions 
1981 104,112 21,192 NA 2,905 8,138 2,072 7,352 2.384 20.4 NA 28 78 2.0 7.1 23 
1982 106,657 21,938 NA 3,297 8.285 2.095 7,627 2,550 20.6 NA 3.1 78 2.0 72 24 
1983 105.246 22,025 NA 3,386 8.234 2.160 7,798 2,429 20.9 NA 3.2 7.8 21 7.4 23 
1984 105,598 22,424 NA 3,584 8,451 2,186 7,718 2,444 212 NA 34 8.0 21 7.3 23 
1985 111,690 23,753 NA 4.063 8.694 2,406 8.326 2,461 213 NA 3.6 78 22 75 22 
1986 112,639 24,388 NA 4.283 9.117 2.637 8.298 2.515 21.7 MA 38 8.1 23 74 22 
1987 111,435 24.582 NA 4,598 9,104 2.684 8.286 2,477 22.1 ms 41 8.2 24 74 22 
1988 115,109 25,526 NA 5,021 9.334 2.828 8.729 2,451 22.2 NA 44 8.1 25 76 2.1 
1989 117,763 26.017 NA 5,301 9.163 2.783 9.005 2,633 22.1 NA 45 7.8 24 76 22 
1990 118,831 26.733 NA 5.728 9.502 2.958 9.089 2,658 22.5 NA 48 8.0 25 76 22 
1991 120,663 27,304 NA 6,199 9.334 3,054 9.237 2,806 22.6 NA 5.1 7.7 25 7.7 23 
1992 123,457 28.333 NA 6,588 9.642 3,300 9 490 3,115 22.9 NA 5.3 78 27 7.7 25 
1993 121,869 28,167 NA 6.611 9.626 3.282 9,537 2,932 23.1 NA 54 793 2.7 78 24 

industry 
1981 13,462 3,671 2.905 NA 639 248 296 172 27.3 216 NA 47 18 22 13 
1982 13,705 4.166 3,297 NA 760 268 364 200 30.4 24.1 NA 55 2.0 27 15 
1983 14,598 4434 3,386 NA 837 352 404 235 30.4 23.2 NA 5.7 24 28 16 
1984 14,220 4.590 3,584 NA 830 362 440 197 32.3 25.2 NA 58 25 31 14 
1985 15,127 5,150 4.063 NA 901 380 514 241 34.0 26.9 NA 6.0 25 3.4 16 
1986 15,453 5.455 4.283 NA 1,012 455 549 266 35.3 27.7 NA 6.5 29 3.6 1.7 
1987 15,092 5.738 4.598 NA 1,029 417 639 266 38.0 30.5 NA 68 28 42 18 
1988 15,997 6.271 5,021 NA 1,140 475 680 269 39.2 31.4 NA 7.1 3.0 43 1.7 
1989 16,410 6.633 5.301 NA 1.215 455 814 311 404 32.3 NA 74 28 5.0 19 
1990 17,142 7,144 5.728 NA 1.275 564 843 360 417 33.4 NA 7.4 33 49 2.1 
1991 17,914 7,607 6,199 NA 1.358 518 878 379 425 346 NA 76 23 49 2.1 
1992 18,067 8.168 6,588 NA 1,490 588 1,029 479 452 36.5 NA 82 33 57 2.7 
1993 17,469 8.202 6.611 NA 1,565 550 1,094 464 47.0 27.8 NA 90 3.1 63 27 
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Appendix tabie 5-37 
intersectoral coauthorship of U.S. natural science and engineering articles: 1981-93 
(page 2 of 3) 


¢ 0€2 


_ Articles coauthored with 
Ail articles Ali sectors Academia industry Federal FFRDCs Nonprofit Other Aijlsectors Academia industry Federal FFRDCs Nonprofit Other 


Number Percent 
Federa! Government 
1961 18,592 9.178 8.138 639 NA 265 818 423 49.4 43.8 3.4 NA 14 44 2.3 
1982 18.685 9.321 8.285 760 NA 240 815 479 49.9 443 4.1 NA 1.3 44 26 
1983 18,543 9,367 8.234 837 NA 272 838 441 50.5 444 45 NA 15 45 24 
1984 18.654 9,530 8.451 830 NA 294 800 452 51.1 453 44 NA 16 43 24 
1985 19.036 9.906 8.694 901 NA 303 961 508 52.0 45.7 47 NA 1.6 5.0 2.7 
1986 19.319 10,372 9.117 1,012 NA 373 981 535 53.7 47.2 5.2 NA 19 5.1 28 
1987 18,725 10,313 9.104 1,029 NA 331 985 529 55.1 486 55 NA 18 53 28 
1988 19,030 10,588 9.334 1,140 NA 382 1,090 499 556 430 6.0 NA 2.0 5.7 26 
1989 19.115 10,544 9.163 1.215 NA 427 1,067 481 55.2 479 6.4 NA 22 56 25 
1990 19,387 10,300 9,502 1.275 NA 443 1,148 536 56.2 49.0 6.6 NA 23 53 28 
1991 19.349 10,814 9.334 1,358 NA 419 1.173 552 55.9 48.2 7.0 NA 22 6.1 29 
1992 19,354 11,177 9,642 1,490 NA 466 1,245 1 57.8 498 7.7 NA 24 6.4 3.3 
1993 19.283 11,190 9.626 1,565 NA 438 1.224 691 58.0 439 8.1 NA 2.3 6.3 3.6 
FFROCs 
1981 6.393 2.473 2.072 248 265 NA 85 21 38.7 32.4 3.9 41 NA 13 03 
1982 6,186 2.510 2,095 268 240 NA 107 20 406 33.9 43 3.3 NA 1.7 0.3 
1983 6.417 2,682 2,160 352 272 NA 107 41 418 33.7 55 42 NA 1.7 0.6 
1984 5 884 2.7039 2.186 362 294 NA 125 34 46.0 37.2 6.2 5.0 NA 2.1 0.6 
1985 6.952 2.995 2,406 380 303 NA 132 29 43.1 34.6 5.5 44 NA 19 04 
1986 6.981 3,277 2.637 455 373 NA 106 32 4693 37.8 65 5.3 NA 15 0.5 
1987 6.889 3,250 2.684 417 331 NA 129 35 47.2 33.0 6.1 48 NA 19 05 
1988 6.987 3,444 2.828 475 382 NA 154 39 493 40.5 6.8 55 NA 22 0.6 
1989 6.943 3,431 2.783 455 427 NA 164 38 494 40.1 66 6.2 NA 24 05 
1990 6.933 3,593 2,958 564 443 NA 193 46 51.8 427 8.1 6.4 NA 28 0.7 
1991 7,042 3,714 3,054 518 419 NA 207 37 52.7 43.4 74 6.0 NA 29 05 
1992 7.217 4,020 3,300 588 466 NA 216 64 55.7 457 8.1 6.5 NA 3.0 0.9 
1933 6.874 3,948 3,282 550 438 NA 138 48 57.4 47.7 8.0 6.4 NA 29 0.7 
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Appendix table 5-37. % 
intersectoral coauthorship of U.S. natural science and engineering articles: 1981-93 ® 
(page 3 of 3) 3 
Qe 
Articles coauthored with 3 
All articles All sectors Academia Industry Federal FFRDCs Nonprofit Other Allsectors Academia Industry Federal FFRDCs Nonprofit Other > 
———— —_——_—_—_————Number—_—-————_- —__—_— — -—- Percent é 
Nonprofit institutions bead 
1981 ........ 14,624 8,035 7,352 296 818 85 NA 486 54.9 50.3 2.0 5.6 0.6 NA 3.3 a 
ee 14,597 8,279 7,627 364 815 107 NA 519 56.7 52.3 2.5 5.6 0.7 NA 3.6 S 
1983 ........ 14,919 8,472 7,798 404 838 107 NA 519 56.8 52.3 2.7 5.6 0.7 NA 3.5 S 
1984 ........ 14,862 8,410 7,718 440 800 125 NA 500 56.6 51.9 3.0 5.4 0.8 NA 3.4 | 
1985 ........ 15,664 9,097 8,326 514 961 132 NA 547 58.1 53.2 3.3 6.1 0.8 NA 3.5 = 
1986 ........ 15,389 9,039 8,298 549 981 106 NA 593 58.7 53.9 3.6 6.4 0.7 NA 3.9 S 
1987 ........ 15,077 9,007 8,286 639 985 129 NA 515 59.7 55.0 4.2 6.5 0.9 NA 3.4 
1988 ........ 15,882 9,551 8,729 680 1,090 154 NA 593 60.1 55.0 4.3 6.9 1.0 NA 3.7 
ae 16,507 9,880 9,005 814 1,067 164 NA 589 59.9 54.6 49 6.5 1.0 NA 3.6 
1990 ........ 16,359 9,979 9,089 843 1,148 193 NA 652 61.0 55.6 5.2 7.0 1.2 NA 4.0 
1991 ........ 16,702 10,205 9,237 878 1,173 207 NA 767 61.1 55.3 5.3 7.0 1.2 NA 46 
1992 ........ 16,867 10,456 9,490 1,029 1,245 216 NA 802 62.0 56.3 6.1 7.4 1.3 NA 48 
1993 ........ 17,310 10,539 9,537 1,094 1,224 198 NA 861 60.9 55.1 6.3 7.1 1.1 NA 5.0 
Other sectors 
We... 4,602 2,864 2,384 172 423 21 486 NA 62.2 51.8 3.7 9.2 0.5 10.6 NA 
1982 ........ 4,742 3,044 2,550 200 479 20 519 NA 64.2 53.8 4.2 10.1 0.4 10.9 NA 
1963 ........ 4,468 2,927 2,429 235 441 41 519 NA 65.5 54.4 5.3 9.9 0.9 11.6 NA 
1984 ........ 4,454 2,918 2,444 197 452 34 500 NA 65.5 54.9 4.4 10.1 0.8 11.2 NA 
1985 ........ 4,529 3,003 2,461 241 508 29 547 NA 66.3 54.3 5.3 11.2 0.6 12.1 NA 
1986 ........ 4,471 3,072 2,515 266 535 32 593 NA 68.7 56.3 5.9 12.0 0.7 13.3 NA 
OT 4 vce wuss 4,239 2,956 2,477 266 529 35 515 NA 69.7 58.4 6.3 12.5 0.8 12.1 NA 
1988 ........ 4,073 2,910 2,451 269 499 39 593 NA 71.4 60.2 6.6 12.3 1.0 14.6 NA 
1989 ........ 4,404 3,163 2,633 311 481 38 589 NA 71.8 59.8 7.1 10.9 0.9 13.4 NA 
1990 ........ 4,374 3,180 2,658 360 536 46 652 NA 72.7 60.8 8.2 12.3 1.1 14.9 NA 
1991 ........ 4,686 3,368 2,806 379 552 37 767 NA 71.9 59.9 8.1 11.8 0.8 16.4 NA 
1992 ..... a 4,970 3,726 3,115 479 641 64 802 NA 75.0 62.7 9.6 12.9 1.3 16.1 NA 
1993 ........ 4,894 3,591 2,932 464 691 48 861 NA 73.4 59.9 9.5 14.1 1.0 17.6 NA 
NA = not applicable; FFRDC = federally funded research and development center 
NOTE: In this table, an article is counted in a given sector if at least one author's affiliation is with that sector. Since some articles have authors from more than two sectors, the “all sectors” total is smaller than the sum of 
the sectors. 
SOURCES: Institute for Scientific Information, SC! data base; CHI Research Inc., Science and Engineering Indicators data base; and NSF special tabulations. 
Science and Engineering Indicators — 1996 
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Appendix table 5-38. hd 
intersectoral coauthorship of U.S. articles, by selected field groupings: 1981-93 a 
(page 1 of 7) ° 
Articles coauthored with 
All articles Allsectors Academia Industry Federal FFRDCs Nonprofit Other Allsectors Academia industry Federal FFRDCs Nonprofit Other 
Number Percent 
Clinical medicine, biomedical research, and biology 
Academic institutions 
1981 ........ 70,177 16,072 NA 1,088 6,797 370 6,875 2,190 22.9 NA 1.6 9.7 0.5 98 3.1 
1982 ........ 72,390 16,657 NA 1,319 6,922 391 7,116 2,363 23.0 NA 1.8 9.6 0.5 98 3.3 
1983 ........ 71,013 16,505 NA 1,323 6,809 359 7,281 2,290 23.2 NA 1.9 9.6 0.5 10.3 3.2 
1984 ........ 71,367 16,893 NA 1,520 6,993 367 7,220 2,291 23.7 NA 2.1 9.8 0.5 10.1 3.2 
1985 ........ 74,964 17,795 NA 1,856 7,148 416 7,830 2,365 23.7 NA 2.5 9.5 0.6 10.4 3.2 
1986 ........ 75,125 18,199 NA 2,021 7,493 455 7,841 2,462 24.2 NA 2.7 10.0 0.6 10.4 3.3 
1987 ........ 74,289 18,200 NA 2,244 7,516 438 7,740 2,404 24.5 NA 3.0 10.1 0.6 10.4 3.2 
1988 ........ 75,134 18,595 NA 2,402 7,531 437 8,091 2,359 24.7 NA 3.2 10.0 0.6 10.8 3.1 
1989 ........ 77,069 19,187 NA 2,659 7,506 454 8,329 2,517 24.9 NA 3.5 9.7 0.6 10.8 3.3 
1990 ........ 77,935 19,221 NA 2,865 7,550 503 8,309 2,487 24.7 NA 3.7 9.7 0.6 10.7 3.2 
1991 ........ 77,971 19,430 NA 3,111 7,372 525 8,403 2,663 24.9 NA 4.0 9.5 0.7 10.8 3.4 
1992 ........ 79,084 19,978 NA 3,307 7,477 539 8,693 2,922 25.3 NA 4.2 9.5 0.7 11.0 3.7 
1993 ........ 77,571 19,809 NA 3,463 7,355 520 8,720 2,726 25.5 NA 4.5 9.5 0.7 11.2 3.5 
industry 
1981 ........ 3,320 1,365 1,088 NA 249 39 219 99 41.1 32.8 NA 7.5 1.2 6.6 3.0 
1982 ........ 3,614 1,643 1,319 NA 319 27 264 126 45.5 36.5 NA 8.8 0.7 7.3 3.5 
1983 ....... 3,860 1,712 1,323 NA 358 41 315 141 44.4 34.3 NA 9.3 1.1 8.2 3.7 
1984 ........ 4,288 1,937 1,520 NA 366 40 345 130 45.2 35.4 NA 8.5 0.9 8.0 3.0 
1985 ........ 4,654 2,280 1,856 NA 443 55 375 155 49.0 39.9 NA 9.5 1.2 8.1 3.3 
1986 ........ 5,307 2,537 2,021 NA 519 82 457 189 47.8 38.1 NA 9.8 1.5 8.6 3.6 
1987 ........ 5,495 2,753 2,244 NA 528 73 529 193 50.1 40.8 NA 9.6 1.3 9.6 3.5 
1988 ........ 5,779 2,957 2,402 NA 576 72 551 200 51.2 41.6 NA 10.0 1.2 9.5 3.5 
1989 ........ 6,398 3,288 2,659 NA 619 87 690 221 51.4 41.6 NA 9.7 1.4 10.8 3.5 
1990 ........ 6,762 3,534 2,865 NA 660 97 725 282 52.3 42.4 NA 9.8 1.4 10.7 4.2 | 
1991 ........ 7,142 3,743 3,111 NA 692 83 732 274 52.4 43.6 NA 9.7 1.2 10.2 3.8 | 
1992 ........ 7,456 4,029 3,307 NA 755 106 884 333 54.0 44.4 NA 10.1 1.4 11.9 4.5 
1993 ........ 7,609 4,180 3,463 NA 784 96 941 327 54.9 45.5 NA 10.3 1.3 12.4 4.3 
Federal Government 
1981 ........ 13,705 7,399 6,797 249 NA 87 739 374 54.0 49.6 18 NA 0.6 5.4 2.7 
1982 ........ 13,735 7,510 6,922 319 NA 74 725 437 54.7 50.4 2.3 NA 0.5 5.3 3.2 | 
1983 ........ 13,632 7,440 6,809 358 NA 78 764 394 54.6 49.9 2.6 NA 0.6 5.6 2.9 | 
1984 ........ 13,755 7,584 6,993 366 NA 80 718 410 55.1 50.8 2.7 NA 0.6 5.2 3.0 | g 
1985 ........ 13,862 7,849 7,148 443 NA 118 849 465 56.6 51.6 3.2 NA 0.9 6.1 3.4 | 2 
1986 ........ 14,226 8,215 7,493 519 NA 155 885 480 57.7 52.7 3.6 NA 1.1 6.2 3.4 a 
1987 ........ 13,954 8,191 7,516 528 NA 131 883 466 58.7 53.9 3.8 NA 0.9 6.3 3.3 > 
(continued) ; 
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Appendix table 5-38. © 
Intersectoral coauthorship of U.S. articles, by selected fieid groupings: 1981-93 o 
(page 2 of 7) 3 
_& 
Articles coauthored with fm 
All articles All sectors Academia Industry Federal *FRDCs Nonprofit Other Allsectors Academia industry Federal FFRDCs Nonprofit Other 3 
Number : 7 Percent | g 
Clinical medicine, biomedical research, and biology s 
1988. ........ 14,008 8,229 7,531 576 NA 137 953 448 58.7 53.8 4.1 NA 1.0 6.8 3.2 S 
1989 ........ 14,162 8,276 7,506 619 NA 163 947 431 58.4 53.0 4.4 NA 1.2 6.7 3.0 S 
1990 ....... 14,227 8,338 7,550 660 NA 155 —«- 1,003 474 58.6 53.1 46 NA 1.1 7.0 3.3 . 
1991 ........ 13,981 8,205 7,372 692 NA 161 1,012 478 58.7 52.7 4.9 NA 1.2 7.2 3.4 - 
1992 ........ 13,721 8,299 7,477 755 NA 131 1,087 562 60.5 54.5 5.5 NA 1.0 79 4.1 $ 
1993 ........ 13,651 8,189 7,355 784 NA 142 1,030 595 60.0 53.9 5.7 NA 1.0 75 44 
FFRDCs 
1981 ........ 1,053 474 370 39 87 NA 43 11 45.0 35.1 3.7 8.3 NA 4.1 1.0 
1982 ........ 1,001 472 391 27 74 NA 48 8 47.2 39.1 2.7 7.4 NA 48 0.8 
1983 ........ 953 451 359 41 78 NA 60 18 47.3 37.7 43 8.2 NA 6.3 1.9 
1984 ........ 911 to4 367 40 80 NA 58 17 50.9 40.3 44 88 NA 6.4 1.9 
1985 ........ 1,068 557 416 55 118 NA 71 “4 52.2 39.0 5.1 11.0 NA 6.6 1.8 
1966 ........ 1,057 600 455 82 155 NA 45 17 56.8 43.0 78 14.7 NA 43 1.6 
1987 ........ 1,016 576 438 73 131 NA 55 17 56.7 43.1 7.2 12.9 NA 5.4 1.7 
1988 ........ 1,056 574 437 72 137 NA 61 14 54.4 41.4 6.8 13.0 NA 5.8 1.3 
1989 ........ 1,053 603 454 87 163 NA 58 21 57.3 43.1 8.3 15.5 NA 5.5 2.0 
1990 ........ 1,105 662 503 97 155 NA 78 21 59.9 45.5 8.8 14.0 NA 7.1 1.9 | 
1991 ........ 1,135 682 525 83 161 NA 93 18 60.1 46.3 7.3 14.2 NA 8.2 1.6 
1992 ........ 1,079 691 539 106 131 NA 85 16 64.0 50.0 9.8 12.1 NA 7.9 15 
1993 ........ 1,061 692 520 96 142 NA 77 16 65.2 49.0 9.0 13.4 NA 7.3 1.5 
Nonprofit institutions | 
1981 ........ 13,168 7,442 6,875 219 739 43 NA 476 56.5 52.2 1.7 5.6 0.3 NA 3.6 
1982 ........ 13,117 7,619 7,116 264 725 48 NA 501 58.1 54.3 2.0 5.5 0.4 NA 3.8 
1983 ........ 13,417 7,831 7,281 315 764 60 NA 507 58.4 54.3 2.3 5.7 0.4 NA 3.8 
1984 ........ 13,434 7,774 7,220 345 718 58 NA 494 57.9 53.7 2.6 5.3 0.4 NA 3.7 
1985 ........ 14,116 8,42" 7,830 375 849 71 NA 534 59.7 55.5 2.7 6.0 0.5 NA 3.8 
1986 ........ 14,061 8,448 7,841 457 885 45 NA 583 60.1 55.8 3.3 6.3 0.3 NA 4.1 
1987 ........ 13,644 8,320 7,740 529 883 55 NA 508 61.0 56.7 3.9 6.5 0.4 NA 3.7 | 
1988 ........ 14,205 8,724 8,091 551 953 61 NA 579 61.4 57.0 3.9 6.7 0.4 NA 4.1 
1989 ........ 14,812 9,021 8,329 690 947 58 NA 567 60.9 56.2 4.7 6.4 0.4 NA 3.8 
1990 ........ 14,565 9,008 8,309 725 1,003 78 NA 625 61.8 57.0 5.0 6.9 0.5 NA 43 
1991 ........ 14,777 9.164 8,403 732 1,012 93 NA 741 62.0 56.9 5.0 6.8 0.6 NA 5.0 
1992 ........ 15,087 9,450 8,693 884 1,087 85 NA 772 62.6 57.6 5.9 7.2 0.6 NA 5.1 
1993 ........ 15,391 9,484 8,720 941 1,030 77 NA 829 61.6 56.7 6.1 6.7 0.5 NA 5.4 
Other sectors 
1981 ........ 4,015 2,611 2,216 99 374 11 476 NA 65.0 55.2 2.5 9.3 0.3 11.9 NA 
1982 ........ 4,146 2,792 2,379 126 437 8 501 NA 67.3 57.4 3.0 10.5 0.2 12.1 NA 
1983 ........ 3,885 2,630 2,234 141 394 18 507 NA 67.7 57.5 3.6 10.1 0.5 13.1 NA 
1984 ........ 3,916 2,654 2,256 130 410 17 494 NA 67.8 57.6 3.3 10.5 0.4 12.6 NA 
- : + 
(continued) 8 
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intersectoral coauthorship of U.S. articles, by selected field groupings: 1981-93 E 
(page 3 of 7) ° 
Articles coauthored with 
All articles Allsectors Academia industry Federal FFRDCs Nonprofit Other Allsectors Academia industry Federal FFRDCs Nonprofit Other 
Number — 2 a 
Clinical medicine, biomedical research, and biology 
er 3,926 2,709 2,266 155 465 19 534 NA 69.0 57.7 3.9 11.8 0.5 13.6 NA 
1986 ........ 3,927 2,773 2,312 189 480 17 583 NA 70.6 58.9 48 12.2 0.4 14.8 NA 
1987 ........ 3,722 2,651 2,266 193 466 17 508 NA 71.2 60.9 5.2 12.5 0.5 13.6 NA 
1988 ........ 3,547 2,637 2,268 200 448 14 579 NA 74.3 63.9 5.6 12.6 0.4 16.3 NA 
1989 ........ 3,863 2,859 2,441 221 431 21 567 NA 74.0 63.2 5.7 11.2 0.5 14.7 NA 
1990 ........ 3,790 2,833 2,409 282 474 21 625 NA 74.7 63.6 74 12.5 0.6 16.5 NA 
ee 3,974 2,973 2,521 274 478 18 741 NA 748 63.4 6.9 12.0 0.5 18.6 NA | 
1992 ........ 4,279 3,265 2,808 333 562 16 772 NA 76.3 65.6 78 13.1 0.4 18.0 NA 
1993 ........ 4,131 3,111 2,617 327 595 16 829 NA 75.3 63.4 7.9 14.4 0.4 20.1 NA 
Chemistry, physics, earth and space sciences, and mathematics 
Academic institutions 
1981 ........ 27,465 3,824 NA 1,073 1,082 1,443 409 97 13.9 NA 3.9 3.9 5.3 1.5 0.4 
1982 ....... 27,851 3,997 NA 1,246 1,094 1,472 437 106 14.4 NA 45 3.9 5.3 1.6 0.4 
ee 27,271 4,109 NA * 253 1,114 1,525 458 134 15.1 NA 46 4.1 5.6 1.7 0.5 
- Sree 27,437 4,183 NA 1,307 1,141 1,575 433 128 15.2 NA 48 42 5.7 1.6 0.5 
1985 ........ 30,381 4,791 NA 1,562 1,273 1,734 445 159 15.8 NA 5.1 42 5.7 1.5 0.5 
1986 ..._..... 31,238 5,040 NA 1,633 1,341 1,932 404 177 16.1 NA 5.2 43 6.2 1.3 0.6 
1987 ...... ; 30,954 5,235 NA 1,737 1,305 2,005 487 163 16.9 NA 5.6 4.2 6.5 1.6 0.5 
1988 ........ 33,457 5,66¢ NA 1,943 1,495 2,121 567 143 16.9 NA 5.8 45 6.3 1.7 0.4 
1989 ........ 34,037 5,623 NA 1,998 1,380 2,051 615 162 16.5 NA 5.9 4.1 6.0 18 0.5 
1990 ........ 33,682 6,076 NA 2,066 1,608 2,176 701 189 18.0 NA 6.1 48 6.5 2.1 0.6 
1991 ........ 35 578 6,445 NA 2,278 1,629 2,247 769 239 18.1 NA 6.4 46 6.3 2.2 0.7 
1992 ........ 36,420 6,679 NA 2,366 1,748 2,383 727 246 18.3 NA 6.5 48 6.5 2.0 0.7 
1993 ........ 36,894 6,845 NA 2,330 1,889 2,465 749 235 18.6 NA 6.3 5.1 6.7 2.0 0.6 
industry 
1981 ........ 5,372 1,318 867 NA 216 121 31 27 24.5 16.1 NA 40 2.3 0.6 0.5 
1982 ........ 5,736 1,570 971 NA 303 156 37 33 27.4 16.9 NA 5.3 2.7 0.6 0.6 
1983 ....... 5,665 1,618 1,005 NA 267 179 48 53 28.6 17.7 NA 4.7 3.2 0.8 0.9 
1984 ........ 5,447 1,650 1,066 NA 290 209 44 45 30.3 19.6 NA 5.3 3.8 0.8 0.8 
1985 ........ 6,861 1,994 1,287 NA 318 216 66 66 29.1 18.8 NA 46 3.1 1.0 1.0 
1986 ........ 7,061 2,095 1,342 NA 346 236 62 67 29.7 19.0 NA 49 3.3 0.9 0.9 
1987 ........ 6,962 2,220 1,408 NA 353 267 67 63 31.9 20.2 NA 5.1 3.8 1.0 0.9 
1988 ........ 7,364 2,463 1,581 NA 402 308 73 66 33.4 21.5 NA 5.5 4.2 1.0 0.9 
1989 ........ 7,246 2,524 1,616 NA 437 267 87 82 34.8 22.3 NA 6.0 3.7 1.2 1.1 > 
(continued) : 
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intersectoral coauthorship of U.S. articles, by selected field groupings: 1981-93 


(page 4 of 7) 
Articles coauthored with 
All articles Allsectors Academia industry Federal FFRDCs Nonprofit Other Ali sectors Academia Industry Federal FFRDCs Nonprofit Other 
~ - - Number—§$ —@ —__—_—_—_——— Percent 
Chemistry, physics, earth and space sciences, and mathematics 
1990 ........ 7,365 2,617 1,661 NA 434 340 78 71 35.5 22.6 NA 5.9 46 1.1 1.0 
1991 ....... 7,687 2,869 1,830 NA 480 339 108 76 37.3 23.8 NA 6.2 44 1.4 1.0 
1992 ........ 7,551 2,972 1,933 NA 507 353 89 105 39.4 25.6 NA 6.7 47 12 1.4 
1993 ........ 6,962 2,959 1,861 NA 568 337 104 91 425 26.7 NA 8.2 48 1.5 1.3 
Federal Government 
1981 ........ 3,632 1,353 1,082 231 NA 145 64 27 37.3 29.3 6.4 NA 40 1.8 0.7 
1982 ........ 3,798 1,416 1,094 316 NA 146 72 29 37.3 28.8 8.3 NA 3.8 1.9 0.8 
1983 ........ 3,553 1,431 1,114 292 NA 151 60 36 40.3 31.4 8.2 NA 42 1.7 1.0 
1984 ........ 3,635 1,477 1,141 315 NA 185 68 37 40.6 31.4 8.7 NA 5.1 1.9 1.0 
1985 ........ 4,088 1,645 1,273 335 NA 146 88 33 40.2 31.1 8.2 NA 3.6 22 0.8 
1986 ........ 4,061 1,758 1,341 372 NA 187 87 49 43.3 33.0 92 NA 46 2.1 1.2 
1987 ........ 3,904 1,730 1,305 380 NA 173 92 56 443 33.4 9.7 NA 44 24 1.4 
1988 ....... 4,116 1,942 1,495 443 NA 222 122 41 47.2 36.3 10.8 NA 5.4 3.0 1.0 
1989 ........ 4,040 1,867 1,380 474 NA 229 110 45 46.2 34.2 11.7 NA 5.7 27 1.1 
1990 ........ 4,186 2,092 1,608 468 NA 250 138 54 50.0 38.4 11.2 NA 6.0 3.3 1.3 
1991 ........ 4,372 2,167 1,629 529 NA 244 149 68 49.6 37.3 12.1 NA 5.6 3.4 1.6 
1992 ........ 4,476 2,294 1,748 546 NA 291 139 64 51.3 39.1 12.2 NA 65 3.1 1.4 
1993 ........ 4,559 2,443 1,889 602 NA 264 165 79 53.6 414 13.2 NA 5.8 3.6 1.7 
FFROCs 
1981 ........ 3,900 1,644 1,443 118 145 NA 34 8 42.2 37.0 3.0 3.7 NA 0.9 0.2 
1982 ........ 4,003 1,705 1,472 159 146 NA 51 10 426 36.8 40 3.6 NA 1.3 0.2 
1983 ........ 3,947 1,788 1,525 195 151 NA 41 18 45.3 38.6 49 3.8 NA 1.0 0.5 
1984 ........ 3,859 1,859 1,575 214 185 NA 54 14 48.2 40.8 5.5 48 NA 14 0.4 
1985 ........ 4,476 2,024 1,734 213 146 NA 53 6 45.2 38.7 48 3.3 NA 12 0.1 
1986 ........ 4,899 2,280 1,932 256 187 NA 51 11 46.5 39.4 5.2 38 NA 1.0 0.2 
1987 ........ 4,733 2,346 2,005 280 173 NA 67 12 496 42.4 5.9 3.7 NA 14 0.3 
1988 ........ 4,991 2,500 2,121 326 222 NA 79 20 50.1 42.5 6.5 44 NA 16 04 
1989 ........ 4,923 2,443 2,051 295 229 NA 96 14 49.6 41.7 6.0 47 NA 2.0 0.3 
1990 ........ 4,906 2,544 2,176 363 250 NA 100 18 51.9 444 74 5.1 NA 2.0 0.4 
1991 ........ 5,022 2,642 2,247 355 244 NA 103 17 52.6 447 7. 49 NA 2.1 0.3 
i992 ........ 4,998 2,814 2,383 372 291 NA 118 38 56.3 47.7 7.4 5.8 NA 2.4 08 
1993 ........ 4,925 2,847 2,465 365 264 NA 108 27 57.8 50.1 7.4 5.4 NA 2.2 0.5 
Nonprofit institutions 
1981 ........ 1,108 482 409 36 64 34 NA 5 43.5 36.9 3.2 58 3.1 NA 0.5 
1982 ........ 1,189 540 437 52 72 51 NA 14 45.4 36.8 44 6.1 43 NA 1.2 
1983 ........ 1,170 533 458 50 60 41 NA 7 45.6 39.1 43 5.1 3.5 NA 0.6 
1984 ........ 1,098 516 433 49 68 54 NA 4 47.0 39.4 45 6.2 49 NA 0.4 
1985 ........ 1,279 557 445 80 88 53 NA 10 43.5 34.8 6.3 6.9 41 NA 0.8 
1986 ........ 1,092 507 404 66 87 51 NA 9 46.4 37.0 6.0 8.0 47 NA 0.8 
GE scesesen 1,225 602 487 79 92 67 NA 7 49.1 39.8 6.4 75 5.5 NA 0.6 
(continued) 
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Appendix table 5-38. 8 
Intersectoral coauthorship of U.S. articles, by selected field groupings: 1981-93 & 
(page 5 of 7) ° 
Articles coauthored with 
All articles All sectors Academia industry Federal FFRDCs Nonprofit Other All sectors Academia industry Federal FFRDCs Nonprofit Other 
~ == -—- -- Number — —-- - ---—--—- —----_—Pereent- -- ——-- — —-- --—--—— 
Chemistry, physics, earth and space sciences, and mathematics 

1988 ........ 1,432 712 567 89 122 79 NA 12 49.7 39.6 6.2 85 5.5 NA 08 

1989 ........ 1,462 760 615 89 110 96 NA 21 52.6 42.1 6.1 75 6.6 NA 14 

1990 ........ 1,560 851 701 &3 138 100 NA 21 546 449 5.3 8.8 6.4 NA 1.3 

1991 ........ 1,705 938 769 110 149 103 NA 24, 55.0 45.1 6.5 8.7 6.0 NA 1.4 

1992 ........ 1,524 881 727 98 139 118 NA 23 578 47.7 6.4 9.1 7.7 NA 15 

1983 ........ 1,681 927 749 116 165 108 NA 26 55.1 446 6.3 9.8 6.4 NA 1.5 
Other sectors 

1981 ........ 287 129 81 17 25 8 10 NA 449 28.2 5.9 8.7 28 3.5 NA 

1982 ........ 329 141 90 22 28 12 15 NA 42.9 27.4 6.7 8.5 3.6 46 NA 

1983 ........ 359 181 124 40 31 19 9 NA 50.4 345 11.1 8.6 5.3 2.5 NA 

1984 ........ 335 174 115 26 36 14 5 NA 51.9 34.3 78 10.7 42 15 NA 

eee 459 220 139 48 30 7 17 NA 479 30.3 10.5 6.5 1.5 3.7 NA 

1986 ........ 435 251 149 52 43 13 12 NA 57.7 34.3 12.0 9.9 3.0 28 NA 

1987 ........ 414 243 145 55 52 13 5 NA 58.7 35.0 13.3 12.6 3.1 1.2 NA 

ieee 403 209 130 51 36 22 16 NA 51.9 32.3 12.7 8.9 5.5 40 NA 

1989 ........ 446 256 156 Aa 42 14 27 NA 57.4 35.0 14.3 9.4 3.1 6.1 NA 

1990 ........ 436 257 163 48 48 22 16 NA 58.9 37.4 11.0 11.0 5.0 3.7 NA 

1991 564 326 204 75 50 20 24 NA 57.8 36.2 13.3 8.9 3.5 43 NA 

1992... 520 358 205 94 58 39 17 NA 68.8 39.4 18.1 11.2 75 3.3 NA 

1993 ........ 550 348 214 85 69 28 22 NA 63.3 38.9 15.5 12.5 5.1 40 NA 

Engineering and technology 

Academic institutions 

Me saeeeees 6,470 1,298 NA 746 260 259 67 69 20.1 NA 11.5 4.0 40 1.0 1.1 

ee 6,418 1,284 NA 732 268 233 74 65 20.0 NA 11.4 42 3.6 1.2 1.0 

1983 ........ 6,963 1,412 NA 811 311 275 59 62 20.3 NA 11.6 45 3.9 0.8 0.9 

1984 ........ 6,796 1,348 NA 757 318 244 66 61 19.8 NA 11.1 4.7 3.6 1.0 09 

1985 ...... 6,345 1,167 NA 645 273 256 51 36 18.4 NA 10.2 43 40 0.8 0.6 

1986 ........ 6,276 1,149 NA 629 283 250 53 26 18.3 NA 10.0 45 40 0.8 0.4 

1987 ........ 6,192 1,147 NA 617 283 241 59 48 18.5 NA 10.0 46 3.9 1.0 0.8 

1988 ........ 6.518 1,262 NA 676 308 270 71 40 19.4 NA 10.4 47 4.1 1.1 0.6 

1989 ........ 6,657 1,207 NA 644 277 278 61 30 18.1 NA 9.7 42 42 0.9 0.5 

Se sieecads 7,214 1,436 NA 797 344 279 79 60 19.9 NA 11.0 48 3.9 1.1 0.8 

1991 ........ 7,114 1,429 NA 810 333 282 65 46 20.1 NA 11.4 4.7 40 09 0.6 

1992 ........ 7,953 1,676 NA 915 417 378 70 61 21.1 NA 11.5 5.2 48 0.9 0.8 > 

1993 _._. 7,404 1,513 NA 818 382 297 68 80 20.4 NA 11.0 5.2 40 0.9 1.1 - 
industry : 

1981 ........ 4,770 988 746 NA 159 89 41 53 20.7 15.6 NA 3.3 1.9 0.9 1.1 | 

1982 ........ 4,356 953 732 NA 125 81 47 49 21.9 16.8 NA 29 1.9 1.1 1.1 

1983 ........ 5,075 1,106 811 NA 188 118 39 50 21.8 16.0 NA 3.7 2.3 0.8 1.0 —4 

1984 4,483 1,002 757 NA 149 107 46 32 224 169 NA 3.3 24 1.0 0.7 : 

1985 ........ 3,612 876 645 NA 123 112 59 32 24.3 17.9 NA 3.4 3.1 1.6 0.9 
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intersectoral coauthorship of U.S. articles, by selected field groupings: 1981-933 


(page 6 of 7) 
Articles coauthored with 
All articles Ali sectors Academia industry Federal FFRDCs Nonprofit Other Allsectors Academia industry Federal FFRDCs Nonprofit Other 
~Number- - Percent 
Engineering and technology 
1986 3,085 823 629 NA 121 117 26 20 2€.7 20.4 NA 3.9 3.8 0.8 0.6 
1987 ........ 2,635 765 617 NA 121 64 31 16 29.0 23.4 NA 46 24 1.2 0.6 
1988 ........ 2.854 851 676 NA 121 77 40 17 29.8 23.7 NA 42 2.7 1.4 06 
1989 . 2.766 821 644 NA 122 73 35 18 29.7 23.3 NA 44 26 1.3 0.7 
1990 . 3,015 993 797 NA 147 104 35 24 32.9 26.4 NA 43 3.4 1.2 0.8 
1991 3,085 995 810 NA 137 80 36 26 32.3 26.3 NA 44 26 1.2 08 
1992 3,060 167 915 NA 189 110 47 44 38.1 29.9 NA 62 3.6 15 14 
1993 ........ 2.898 ,063 818 NA 179 89 37 48 36.7 28.2 NA 6.2 3.1 1.3 17 
Federal Government 
1981 ........ 1,254 428 260 159 NA 33 14 21 34.1 20.7 12.7 NA 26 1.1 1.7 
1982 1,151 393 268 125 NA 20 18 13 34.1 23.3 10.9 NA 1.7 1.6 1.1 
1983 1,358 497 311 188 NA 42 14 12 36.6 22.9 13.8 NA 3.1 1.0 0.9 
1984 ones 1,264 469 318 149 NA 27 14 7 37.1 25.2 118 NA 2.1 1.1 0.6 
1985 ......... 1,086 412 273 123 NA 39 24 10 37.9 25.1 11.3 NA 3.6 2.2 0.9 
1986 . 1,032 399 283 121 NA 31 9 6 38.7 27.4 11.7 NA 3.0 0.9 0.6 
1987 ........ 867 392 283 121 NA 27 10 7 45.2 32.6 14.0 NA 3.1 1.2 0.8 
1988 . 906 417 308 121 NA 23 15 10 46.0 34.0 13.4 NA 25 1.7 1.1 
1989 913 401 277 122 NA 35 10 5 43.9 30.3 13.4 NA 3.8 11 0.5 
1990 ...... 974 470 344 147 NA 38 7 8 48.3 35.3 15.1 NA 3.9 0.7 0.8 
1991 . 996 442 333 137 NA 14 12 6 444 33.4 13.8 NA 1.4 12 0.6 
1992 . 1,157 584 417 189 NA 44 19 15 50.5 36.0 16.3 NA 3.8 1.6 1.3 
1993 ........ 1,073 558 382 179 NA 32 29 17 52.0 35.6 16.7 NA 3.0 2.7 1.6 
FFROCs 
1981 . 1,441 354 259 89 33 NA 6 3 246 18.0 62 2.3 NA 04 0.2 
1982 . 1,183 334 233 81 20 NA 7 2 28.2 19.7 68 1.7 NA 06 0.2 
1983 . 1,521 444 275 118 42 NA 6 5 29.2 18.1 78 28 NA 0.4 0.3 
1984... ....... 1,115 386 244 107 27 NA 13 4 34.6 21.9 96 2.4 NA 1.2 0.4 
1985 . 1,408 414 256 112 39 NA 8 4 29.4 18.2 8.0 28 NA 0.6 0.3 
1986 1,025 397 250 117 31 NA 10 4 38.7 24.4 11.4 3.0 NA 1.0 0.4 
1987 1,140 328 241 64 27 NA 7 6 28.8 21.1 56 24 NA 06 0.5 
1988 940 370 270 77 23 NA 14 5 39.4 28.7 8.2 24 NA 15 0.5 
1989 967 385 278 73 35 NA 10 3 39.8 28.7 75 3.6 NA 1.0 0.3 
1990 922 387 273 104 38 NA 15 7 42.0 30.3 11.3 41 NA 1.6 08 
1991 . 885 390 282 80 14 NA 11 2 44.1 31.9 9.0 1.6 NA 1.2 0.2 
1992 1,140 515 378 110 44 NA 13 10 45.2 33.2 9.6 3.9 NA 1.1 0.9 
1993 ...... 888 409 297 89 32 NA 13 5 46.1 33.4 10.0 36 NA 15 0.6 
Nonprofit institutions 
1981 ....... 348 112 67 41 14 6 NA 6 32.2 19.3 118 40 1.7 NA 1.7 
1982 . 291 122 74 47 18 7 NA 4 419 25.4 16.2 62 24 NA 14 
1983 . 332 107 59 39 14 6 NA 5 32.2 17.8 11.7 42 1.8 NA 1.5 
(continued) 
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Appendix table 5-38. 
intersectoral coauthorship of U.S. articles, by selected field groupings: 1981-93 


(page 7 of 7) 
Articles coauthored with 
All articles All sectors Academia Industry Federal FFRDCs Nonprofit Other Allsectors Academia Industry Federal FFRDCs Nonprofit Other 
—_—_—__—___—_--—-Number $$ —-——_______—— Percent 
Engineering and technology 
ree 330 120 66 46 14 13 NA 3 36.4 20.0 13.9 4.2 3.9 NA 0.9 
1985 ........ 269 113 51 59 24 8 NA 3 42.0 19.0 21.9 8.9 3.0 NA 1.1 
1986 ........ 236 84 53 26 9g 10 NA 1 25.6 22.5 11.0 3.8 4.2 NA 0.4 
1987 ........ 208 85 59 31 10 7 NA 0 40.9 28.4 14.9 48 3.4 NA 0.0 
1988 ........ 245 115 71 40 15 14 NA 2 46.9 29.0 16.3 6.1 5.7 NA 0.8 
1989 ........ 233 99 61 35 10 10 NA 1 42.5 26.2 15.0 43 4.3 NA 0.4 
1990 ........ 234 120 79 35 7 15 NA 6 51.3 33.8 15.0 3.0 6.4 NA 2.6 
1991 ........ 220 103 65 36 12 11 NA 2 46.8 29.5 16.4 5.5 5.0 NA 0.9 
are 256 125 70 47 19 13 NA 7 48.8 27.3 18.4 7.4 5.1 NA 2.7 
1993 ........ 238 128 68 37 29 13 NA 6 53.8 28.6 15.5 12.2 5.5 NA 2.5 
Other sectors 

1981 ........ 301 124 69 53 21 3 6 NA 41.2 22.9 17.6 7.0 1.0 2.0 NA 
1982 ........ 267 113 65 49 13 2 4 NA 42.3 24.3 18.4 4.9 0.7 1.5 NA 
1983 ........ 225 117 62 50 12 5 5 NA 52.0 27.6 22.2 5.3 2.2 2.2 NA 
1984 ........ 202 91 61 32 7 4 3 NA 45.0 30.2 15.8 3.5 2.0 1.5 NA 
1006 ........ 144 74 36 32 10 4 3 NA 51.4 25.0 22.2 6.9 2.8 2.1 NA 
1986 ........ 109 48 26 20 6 4 1 NA 44.0 23.9 18.3 5.5 3.7 0.9 NA 
1987 ........ 103 62 48 16 7 6 0 NA 60.2 46.6 15.5 6.8 5.8 0.0 NA 
1988 ........ 123 64 40 17 10 5 2 NA 52.0 32.5 13.8 8.1 4.1 1.6 NA 
1989 ........ 95 48 30 18 5 3 1 NA 50.5 31.6 18.9 5.3 3.2 1.1 NA 
1990 ........ 148 90 60 24 8 7 6 NA 60.8 40.5 16.2 5.4 4.7 4.1 NA 
1991 ........ 148 69 46 26 6 2 2 NA 46.6 31.1 17.6 4.1 1.4 1.4 NA 
1992 ........ 171 103 61 44 15 10 7 NA 60.2 35.7 25.7 8.8 5.8 4.1 NA 
rr 213 132 80 48 17 5 6 NA 62.0 37.6 22.5 8.0 2.3 2.8 NA 


NA = not applicable; FFRDC = federally funded research and development center 


NOTE: In this table, an article is counted in a given sector if at least one author's affiliation is with that sector. Since some articles have authors from more than two sectors, the “all sectors" total is smaller than the sum of 


the sectors. 
SOURCES: Institute for Scientific Information, SC! data base; CHi Research Inc., Science and Engineering Indicators data base; and NSF specia! tabulations. 
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Appendix table 5-39. % 

Sectoral distribution of citations in U.S. scientific and technical articles, by field: 1990-93 o 

(page 1 of 3) 8 

Qo 

Cited sector g 

Citing sector U.S. total Academia industry Federal FFRDC Nonprofit Other Academia industry Federal FFRDC Nonprofit Other > 

Number Percent H 

Total science and engineering > 

Q 

Ss 

US.total .......... 2.174.118 1,532,947 172,763 210,899 41,463 190,501 25,546 70.5 7.9 9.7 1.9 8.8 1.2 = 

Academic.......... 1,595,405 1,221,061 93,882 120,152 23,735 120,675 15,903 76.5 5.9 7.5 1.5 7.6 1.0 a 

Industry........... 147,441 70,533 52,647 11,525 2,714 8,679 1,345 47.8 35.7 7.8 1.8 5.9 0.9 A 

Federal government . . 189 889 99 541 12,265 59 046 2,681 13,909 2,450 52.4 6.5 31.1 1.4 7.3 1.3 8 
FFRDCS........... 36,884 18,970 3,422 2,211 11,100 1,084 98 51.4 9.3 6.0 30.1 2.9 0.3 
Non-profit.......... 177,207 106,344 9,056 14,786 1,050 43,151 2,821 60.0 5.1 8.3 0.6 24.4 1.6 
Other............. 27,289 16,501 1,492 3,177 184 3,004 2.933 60.5 5.5 11.6 0.7 11.0 10.7 

Clinical medicine 
US.total .......... 770,305 525,859 39,293 87,002 1,428 99 409 17,313 68.3 5.1 11.3 0.2 12.9 2.2 
Academic.......... 545 396 400,762 20,683 51,101 854 61,158 10,836 73.5 3.8 9.4 0.2 11.2 2.0 
Industry........... 39,088 19.636 10,913 3,837 58 3,900 747 50.2 27.9 98 0.1 10.0 1.9 
Federal government . . 73,136 39,112 3,417 21,524 115 7,322 1,651 53.5 4.7 29.4 0.2 10.0 2.3 
FFRDCsS ........... 1,517 858 56 159 292 135 15 56.6 3.7 10.5 19.2 8.9 1.0 
Non-profit.......... 94,347 55,429 3,559 8,361 89 24,669 2,238 58.8 3.8 8.9 0.1 26.1 2.4 
Other............. 16,819 10,062 668 2,022 20 2,223 1,827 59.8 4.0 12.0 0.1 13.2 10.9 
Biomedical research 
U.S.total........... 772,465 561,311 53,083 72,844 5,202 74,887 5,136 72.7 6.9 9.4 0.7 9.7 0.7 
Academic.......... 583,764 452,923 31,908 43,021 3,304 49,364 3,242 77.6 5.5 7.4 0.6 8.5 0.6 
Industry........... 43,490 23,473 11,346 4,091 309 3,938 334 54.0 26.1 9.4 0.7 9.1 0.8 
Federal government . . 67,050 36,755 4,573 19,458 422 5,453 389 54.8 6.8 29.0 0.6 8.1 0.6 
FFRDCsS........... 4,479 2,818 281 285 806 270 17 62.9 6.3 6.4 18.0 6.0 0.4 
Non-profit.......... 67,127 41,233 4,517 5,354 312 15,231 480 61.4 6.7 8.0 0.5 22.7 0.7 
Other............. 6,555 4,112 456 635 51 629 673 62.7 7.0 9.7 0.8 9.6 10.3 
Biology 
US.total........... 104,841 82,982 2,968 14,015 195 3,337 1,342 79.2 2.8 13.4 0.2 3.2 1.3 
Academic.......... 82,788 70,734 1,874 7,056 134 2 148 844 85.4 2.3 8.5 0.2 2.6 1.0 
Industry........... 2,955 1,828 637 341 5 103 39 61.9 21.6 11.5 0.2 3.5 1.3 
Federal government . . 13,952 7,015 331 6,121 21 266 200 50.3 2.4 43.9 0.2 1.9 1.4 
PROCS ........... 223 154 3 32 26 7 1 69.1 1.3 14.3 11.7 3.1 0.4 
Non-profit.......... 3,330 2,186 81 252 6 757 48 65.6 2.4 7.6 0.2 22.7 1.4 
Other........ ee 1,592 1,066 43 214 4 54 215 67.0 2.7 13.4 0.3 3.4 13.5 
(continued) 
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Sectoral distribution o/ citations in U.S. scientific and technical articles, by field: 1990—93 


(page 2 of 3) 
Cited sector 
Citing sector U.S.total Academia industry Federal FFRDC Nonprofit Other Academia _ Industry Federal FFRDC Nonprofit Other 
Number Percent 
Chemistry 

US.total....__.. 146,224 114,847 18,733 6,354 4,004 1.938 348 78.5 12.8 43 2.7 1.3 0.2 
Academic.......... 116,974 100,316 9,734 3,056 2,603 1,068 199 85.8 8.3 2.6 22 0.9 0.2 
Industry........... 17,310 8,390 7,626 737 263 232 54 48.5 44.1 43 15 1.3 0.4 
Federal government . 5,877 2,630 735 2,257 100 131 28 44 8. 12.5 38.4 1.7 2.2 0.5 
FFRDCs........... 3,165 1,712 306 110 1,007 21 6 54.1 97 3.5 31.8 0.7 0.2 
Non-profit... ........ 2,401 1,509 255 131 25 472 7 62.8 10.6 5.5 1.0 19.7 0.3 
Other........ 497 290 75 62 8 13 48 58.4 15.1 12.5 16 2.6 9.7 

Physics 

US.total............ 210,254 132,597 43,918 10,622 19,571 3,233 315 63.1 20.9 5.1 9.3 1.5 0.1 
Academic.......... 146,871 106,211 22,077 5,363 10,952 2,089 179 72.3 15.0 3.7 75 1.4 0.1 
Industry........... 31,777 11,450 17,285 1,205 1,532 248 56 36.0 54.4 3.8 48 0.8 0.2 
Federal government . . 10,975 4,833 1,911 3,281 763 150 40 44.0 17.4 29.9 7.0 1.4 0.4 
FFRDCs........... 17,295 8,272 2,186 549 6,058 208 22 47.8 12.6 3.2 35.0 1.2 0.1 
Non-profit.......... 2,895 1,607 356 186 215 526 8 55.5 12.3 6.4 7.4 18.2 0.3 
Other............. 438 225 103 39 52 11 11 51.4 23.5 8.9 11.9 2.5 2.5 

Earth and space sciences 

US.total........... 113,065 74,739 5,473 16,287 8,795 6,858 911 66.1 48 14.4 78 6.1 0.8 
Academic.......... 77,443 55,872 3,023 8,836 4,825 4,392 495 72.1 3.9 11.4 6.2 5.7 0.6 
Industry........... 4,931 2,438 1,043 875 334 164 78 49.4 21.2 17.7 6.8 3.3 1.6 
Federal government . . 15,107 7,563 792 4,959 1,136 530 128 50.1 5.2 32.8 7.5 3.5 0.8 
FFRDCs ........... 8,191 4,332 363 970 2,079 418 29 52.9 44 11.8 25.4 5.1 0.4 
Non-profit.......... 6,267 3,937 163 461 378 1,296 34 62.8 2.6 7.4 6.0 20.7 0.5 
Other............. 1,123 598 YU 185 44 59 148 53.3 8.0 16.5 3.9 5.3 13.2 

Engineering and technology 

US.total............ 44,289 29,357 8,670 3,462 2,039 615 145 66.3 19.6 7.8 46 1.4 0.3 

Academic ........... 30,907 23,959 4,134 1,529 914 282 88 77.5 13.4 49 3.0 0.9 0.3 

Industry ............ 7,401 2,986 3,671 428 203 88 27 40.3 49.6 5.8 2.7 1.2 0.4 

Federal government. 3,341 1,341 478 1,349 116 ad 13 40.1 14.3 40.4 3.5 1.3 0.4 

FFRDCs ............ 1,812 689 217 105 773 24 4 38.0 12.0 5.8 42.7 1.3 0.2 

Non-profit...... 619 271 115 33 24 173 4 43.8 18.6 5.3 3.9 27.9 0.6 

Other.............. 207 110 54 18 9 6 9 53.1 26.1 8.7 4.3 2.9 43 
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Appendix table 5-39. 'g 
Sectoral distribution of citations in U.S. scientific and technical articles, by field: 1990—93 o 
(page 3 of 3) 5 
ot 
Cited stor | ee 3 
Citing sector U.S. total Academia industry Federal FFRDC Nonprofit Other Academia ___ Industry Federal FFRDC Nonprofit Other 3 
——————\Number——@______- ———————__—- Percent 3 
US.total........... 12,676 11,256 624 312 229 224 33 88.8 49 2.5 1.8 1.8 0.3 z 
Academic.......... 11,262 10,285 448 186 152 171 21 91.3 4.0 1.7 1.3 1.5 0.2 | Pt 
Industry........... 487 331 125 14 10 6 1 68.0 25.7 2.9 2.1 1.2 0.2 A 
Federal government . . 449 292 29 102 9 13 3 65.0 6.5 22.7 2.0 2.9 0.7 | $ 
ee 203 134 9 1 58 0 1 66.0 44 0.5 28.6 0.0 0.5 
Non-profit.......... 221 173 11 7 0 29 0 78.3 5.0 3.2 0.0 13.1 0.0 
Ms cceeeseeeees 55 39 2 0 5 3 70.9 3.6 3.6 0.0 9.1 5.5 
NOTE: Includes only citations from U.S. papers to other U.S. papers. References in 1990-93 publications to 3-year article cohorts were aggregated (e.g., 1993 citing 1989-91 articles, 1992 citing 1988-90 articles, etc.) 
SOURCES: Institute for Scientific Information, SCi data base; CHi Research Inc., Science and Engineering Indicators data base; and NSF special tabulations. 
Science & Engineering indicators — 1996 
@ 
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Appendix table 5-40. = 
Citations on U.S. patents to U.S. articles, by performer sector and field: 1987-88 and 1993-94 
(page 1 of 2) _ 
Clinical Biomedical Earth, space Engineening | 
Sector All fields medicine research Biology Chemistry Physics sources technology Mathematics | 
Number: 1987-88 | 
Total................... 15,955 4,014 4,640 260 2,105 2,851 131 1,952 2 | 
Academic institutions... .... 7,966 2,264 2,855 168 1,249 825 53 551 1 | 
Industry ................ 4,418 529 580 31 619 1,509 35 1,114 1 
Federal Government ..... . 1,485 476 498 54 102 194 24 137 0 | 
FFRDCs................. 560 38 47 1 71 294 12 97 0 | 
Nonprofit institutions ....... 1,348 624 587 6 60 25 1 45 0 
Other.....2....000000... 178 83 73 0 4 4 6 8 0 | 
| 
Number: 1993-94 7 
Total. ............. :. 47,407 12,324 18,333 1,171 5,618 5,529 155 4,248 29 
Academic institutions... . . ; 26,221 7,179 10,888 777 3,597 2,061 73 1,626 20 
eee ; 11,389 1,863 3,158 154 1,500 2,550 51 2,105 8 
Federal Government ....... 4,034 1,340 1,786 183 198 321 11 195 0 
FFRDCs................. 1,224 83 211 4 179 505 7 234 1 
Nonprofit institutions ....... 3,991 1,617 2,037 42 136 84 6 69 0 
Other.........0.000.... 548 242 253 11 8 8 7 19 0 
Percent of field: 1987-88 
Total................... 100.0 25.2 29.1 1.6 13.2 17.9 0.8 12.2 0.0 
Academic institutions ....... 100.0 28.4 35.8 2.1 15.7 10.4 0.7 6.9 0.0 
Industry ................ 100.0 12.0 13.1 0.7 14.0 34.2 0.8 25.2 0.0 
Federal Government ....... 100.0 32.1 33.5 3.6 6.9 13.1 1.6 9.2 0.0 
FFRDCs................. 100.0 6.8 8.4 0.2 12.7 52.5 2.1 17.3 0.0 
Nonprofit institutions ....... 100.0 46.3 43.5 0.4 45 1.9 0.1 3.3 0.0 
Other... 0... 22, 100.0 46.6 41.0 0.0 2.2 22 3.4 45 0.0 
Percent of field: 1993-94 
Total. ..... 2... ee een 100.0 26.0 38.7 2.5 11.9 11.7 0.3 9.0 0.1 
Academic institutions ....... 100.0 27.4 41.5 3.0 13.7 7.9 0.3 6.2 0.1 
Industry ................ 100.0 16.4 27.7 1.4 13.2 22.4 0.4 18.5 0.1 
Federal Government ....... 100.0 33.2 443 45 49 8.0 0.3 48 0.0 
i c¢eceeececcoeece 100.0 6.8 17.2 0.3 14.6 41.3 0.6 19.1 0.1 
Nonprofit institutions ....... 100.0 40.5 51.0 1.1 3.4 2.1 0.2 1.7 0.0 
BD oo edacaadabucesxea 100.0 44.2 46.2 2.0 1.5 1.5 1.3 3.5 0.0 > 
(continued) : 
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Appendix table 5-40. % 
Citations on U.S. patents to U.S. articles, by performer sector and field: 1987-88 and 1993-94 5 
(page 2 of 2) 8 
@ 
Clinical Biomedical Earth, space Engineering 3 
Sector All fields medicine research Biology Chemistry Physics sources technology Mathematics 3 
Percent of sector: 1987-88 3 
Total... 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 > 
Academic institutions... ... . 49.9 564 61.5 64.6 59.2 28.9 40.5 28.2 50.0 : 
Industry ................ 27.7 13.2 12.5 11.9 29.4 52.9 26.7 57.1 50.0 Ss 
Federal Government. 93 11.9 10.7 20.8 48 68 18.3 7.0 0.0 . 
FFRDCs................. 3.5 0.9 1.0 0.4 3.4 10.3 9.2 5.0 0.0 ~ 
Nonprofit institutions 8.4 155 12.7 23 2.9 0.9 08 23 0.0 $ 
Other... 5... 1.1 2.1 1.6 0.0 0.2 0.1 46 0.4 0.0 
Percent of sector: 1993-94 
Total... 6... 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Academic institutions... ... . 55.3 58.3 59.4 66 4 64.0 37.3 47.1 38.3 69.0 
industry ................ 24.0 15.1 17.2 13.2 26.7 46.1 32.9 49.6 27.6 
Federal Government ....... 8.5 10.9 97 15.6 3.5 5.8 7.1 46 0.0 | 
FFRDCs................. 26 0.7 1.2 0.3 3.2 9.1 45 55 3.4 | 
Nonprofit institutions ....... 8.4 13.1 11.1 3.6 24 1.5 3.9 1.6 0.0 
Other... en, 1.2 2.0 1.4 0.9 0.1 0.1 45 0.4 0.0 


FFROC = federally funded research and development center 
SOURCES: Institute for Scientific Information. SC! data base; CHi Research inc., Science and Engineering indicators data base; and NSF special tabulations. 
Science and Engineering indicators — 1996 
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Appendi: table 5-41. 
Selected countries’ citations to the international scientific and technical literature, by field: 1991-33 


° 


(page 1 of 5) 
Citing country us UK «Gee Fr n NC WEO Ja Ca USSR ECE is 
Percent to cited country ——______—_— $$ $____. 
All fieids 
United States (US)... ... 695 57 39 28 12 11 41 «42 #3204 O04 07 01 
United Kingdom (UK)... .. 377 223 44 35 17 #17 «455 42 «32 0.4 05 06 
Germany (Ge) .......... 3775 66 291 39 18 15 67 «48 27 0.9 os 07 
France (Fr) ........... 395 70 53 252 20 14 63 49 32 0.6 07 07 
tally (It). 3832 79 52 44 225 16 67 #=50 31 0.7 08 07 
Nordic countries (NC)... . 381 92 50 33 19 232 63 #41 «37 0.5 06 O06 
W Europe, other (WEO) 3838 80 64 44 22 17 #248 47 «32 0.6 08 07 
Japan (Ja)............. 34 51 42 30 13 O98 41 37 #23 #4«904 04 O5 
Canada(Ca)........... 437 70 40 33 14 145 47 «441 252 0.3 05 06 
Former USSR (USSR)... . 2829 47 66 39 18 #11 #48 58 252 03 OS 06 
EastervCentralEurope (ECE) 315 62 81 46 25 16 #7141 #=62 «33 21 217 407 
israel (Is)........00.... 476 62 45 35 15 12 #49 #45 = «31 08 0S 181 
NearEast(NE)... 272 87 43 62 21 11 60 37 #33 #07 13 07 
Africa (Af) 2.0.0... 317 1003 40 33 14 15 52 28 34 0.5 06 089 
S/Ctri America (SCA)... .. 386 67 48 45 23 #13 60 42 «37 0.7 09 0o89 
Australia, NZ (ANZ)... . 379 101 40 31 14 16 #50 38 38 #«&9204 04 06 
india (In)... 0... 322 58 49 34 20 08 49 62 29 «29909 13 Os 
China (Ch) ............ 370 52 59 46 22 #11 #58 88 32 1.1 12 o8 
East Asian NiEs (NIE)... 428 65 40 31 18 #=41 #=+45 #91 #32 £404 07 O7 
Asia/Pacific, other (APO) 321 96 39 29 13 #12 #53 #59 26 #4908 11 OS 
Clinical medicine 

United States (US)... ... 694 66 27 25 16 16 45 36 34 ~ «201 03 06 
United Kingdom (UK)... . 39 351 32 30 21 25 60 34 #32 ~ «01 03 06 
Germany (Ge).......... 400 89 232 33 24 24 61 43 #29 ~ &«01 04 06 
France (Fr)............. 417 92 37 211 24 24 #73 «43 #35 ~ Of 04 06 
Hay (It), 3996 101 39 39 207 24 74 #44 #33 ~ «01 05 07 
Nordic countries (NC)... %8 111 38 27 #223 22 68 #35 32 «01 04 06 
W Europe, other (WEO) 406 102 50 39 26 25 228 42 #33 ~ «01 04 06 
Japan (Ja)......... 39 69 32 26 19 15 49 36 27 ~ 01 03 O58 
Canada (Ca)........... 461 86 30 32 18 #=20 #51 #39 #217 ~ O14 03 06 
Former USSR (USSR)... . . 338 71 #52 36 30 23 57 62 27 246 10 07 
EasterrvCentralEurope (ECE) 38.0 93 63 41 29 #27 #277 «2460 36 O4 145 «908 
israel (is)....... 0... 470 863 30 30 21 22 57 #39 #36 ~ #401 03 164 
Near East(NE)... %7 19 34 52 29 18 #66 40 33 £4201 07 O89 
Africa (Af) 0... 333 130 27 31 13 23 60 23 24 = «01 02 07 
S/Ctri America (SCA)... .. . 415 89 33 44 25 20 60 41 35 #40902 04 09 
Australia, NZ(ANZ)....... 3992 130 32 29 20 24 59 34 36 ~ 01 03 0O86 
india (in)... 3.6 92 286 25 28 13 47 #259 «28 #=o03 06 O8 
China (Ch)............ 421 88 42 34 26 26 64 96 30 ~ 01 05 08 


Appendix table 5-41. | g 

Selected countries’ citations to the international scientific and technical literature, by field: 1991-93 

(page 2 of 5) 3 
Qe 

Citing country US UK Ge Fr It NC WEO Ja Ca uSSR_ ECE Is NE Af SCA ANZ In Ch NIE APO 2 

-— — — : Percent to cited country 3 

8 

United States (US) ....... 713 58 41 29 O89 09 38 44 27 0.4 03 OoO6 0.0 0.1 0.3 1.2 0.1 0.1 0.! 0.0 § 

United Kingdom (UK)... .. . 454 269 48 3.6 1.1 12 49 50 29 0.4 03 O7 0.1 02 03 1.8 02 OoO1 £02 0.1 S 

Germany (Ge) .......... 448 70 245 3.9 1.1 13 60 48 27 0.6 05 O07 00 0.1 0.3 1.2 02 O01 40.1 0.0 

France (Fr)............. 457 70 53 222 1.3 1.1 5.6 49 3.1 0.5 04 O7 0.1 02 04 1.3 02 O01 £402 0.0 am 

italy (it) ............... 470 78 52 40 168 12 5.4 53 29 0.5 06 O7 0.1 02 04 1.4 03 0.1 0.2 0.0 S 

Nordic countries (NC) .... . 446 76 53 3.4 13 19.1 5.8 50 3.5 0.5 05 O7 0.1 02 03 1.6 0.1 0.1 0.2 0.1 

W Europe, other (WEO)... 455 7.7 65 4.2 1.4 13 216 47 3.1 0.5 05 O06 00 02 04 1.5 02 0.1 0.2 0.0 

Japan (Ja)............. 453 58 42 3.0 09 09 38 35 25 0.3 03 O06 00 0.1 0.2 1.2 0.1 0.1 0.2 0.1 

Canada (Ca) ........... 498 69 44 3.7 1.1 13 45 47 200 0.3 04 O7 00 02 03 1.5 02 0.1 0.1 0.0 

Former USSR (USSR)... . . . 347 58 57 3.6 1.1 10 43 46 24 325 1.1 07 0.1 0.1 0.4 1.2 03 O14 £402 0.0 

Eastern/Central Europe (ECE) 40.8 7.1 7.1 45 1.9 17 68 55 4.0 16 153 O06 0.1 02 04 1.4 05 02 03 0.0 

Israel (Is).............. 534 62 48 3.5 1.0 09 42 55 28 0.6 03 145 £0.11 02 02 1.1 02 0.1 0.2 0.0 

Near East (NE).......... 33.2 117 45 9.0 1.6 10 65 44 38 1.0 1.1 1.1 13.9 1.1 1.3 2.5 1.1 02 04 0.5 

Africa (Af) ............. 39.0 110 45 3.9 1.1 1.2 5.1 37 37 0.5 07 O7 O2 195 1.1 2.9 04 40.1 0.3 0.3 

S/Ctri America (SCA)... .. . 413 73 46 4.3 1.7 13 58 42 32 0.4 07 O99 01 0.4 210 1.8 0.4 0.1 0.2 0.2 

Australia, NZ (ANZ)....... 452 89 4.7 3.5 1.1 13 50 47 32 0.4 04 O05 00 03 04 #«919.7 0.1 0.1 0.2 0.1 

india (In) .............. 414 70 43 3.2 1.5 09 5.0 49 3.0 0.6 1.0 10 0.1 0.2 1.2 16 22.1 02 O05 0.3 

China (Ch)............. 476 84 52 4.3 1.4 1.1 4.4 70 29 1.1 06 O7 02 02 07 1.8 04 109 £10 0.2 | 

East Asian NiEs (NIE) ..... 513 70 42 3.3 1.2 12 43 84 3.4 0.5 03 O7 0.1 03 04 1.6 03 O03 11.0 0.3 | 

Asia/Pacific, other (APO)... 41.2 95 28 3.0 09 1.1 48 63 27 0.6 02 oO3 O05 1.5 1.5 5.1 17 O5S O06 £152 | 

Biology 

United States (US) ....... 719 45 23 14 04 10 29 24 6.1 0.1 03 O8 02 06 08 3.3 03 0.1 0.2 0.2 

United Kingdom (UK)... . . . 266 413 3.8 25 07 2.2 5.4 27 56 0.1 05 O06 02 1.1 0.8 4.7 04 £04 0.2 0.3 

Germany (Ge) .......... 265 7.7 367 25 08 16 62 46 65.1 0.3 09 O07 02 09 06 3.5 06 0.1 0.2 0.2 

France (Fr)............. 303 78 49 282 1.4 16 62 39 66 0.2 0.6 1.1 0.4 10 09 4.0 04 O02 02 0.3 | 

A + ecenegans¢esse 310 63 55 40 25.2 09 69 50 5.1 0.2 0.9 14 03 0.8 1.1 3.3 1.1 02 03 0.4 | 

Nordic countries (NC) ..... 266 103 44 24 O06 £312 5.4 28 9.4 0.4 08 O58 02 0.4 0.6 3.2 04 £01 0.2 0.2 | 

W Europe, Other (WEO)... 30.0 87 60 3.6 1.3 2.0 30.4 35 56 0.3 0.8 11 03 0.8 1.0 3.6 06 0.1 0.2 0.3 

Japan (Ja)............. 234 40 35 20 06 09 28 529 29 0.1 04 O7 O11 04 08 2.5 06 O04 #05 0.6 

Canada(Ca)........... 33.7 63 23 18 04 20 3.7 20 416 0.1 04 O05 02 05 O05 3.3 03 0.1 0.2 0.2 

Former USSR (USSR)... . . . 25.7 80 72 2.8 1.0 23 46 82 55 243 2.1 15 02 05 08 3.3 09 O03 O05 0.4 

Eastern/Central Europe (ECE).. 28.4 58 87 4.3 1.5 26 8367.1 58 64 09 206 1.1 04 0.4 1.2 3.5 06 02 03 0.1 

israel (Is).............. 374 51 33 19 06 06 41 32 46 0.2 04 318 O85 10 07 3.5 05 40.1 0.3 0.2 

Near East (NE).......... 286 60 4.1 39 24 09 56 32 49 0.5 0.5 1.3 265 2.1 1.1 3.7 34 02 02 0.7 | 

Africa (Af) ............. 263 85 3.3 23 07 1.1 4.4 17 43 0.2 0.4 17 04 353 1.6 5.8 13 860.1 0.2 0:6 | 

S/Ctri America (SCA)... .. . 384 59 3.0 2.2 1.2 10 41 28 5.4 0.3 06 O09 04 19 246 5.2 10 0.1 0.3 0.6 

Australia, NZ (ANZ)....... 264 73 24 16 04 09 3.1 22 5.3 0.1 02 O07 02 1.1 09 45.9 05 02 02 0.5 

India (in) .............. 236 59 45 2.5 1.3 05 5.4 64 4.0 0.2 1.0 10 08 2.1 1.6 32 303 O58 13 2.0 | 

China(Ch)............. 333 58 47 2.4 1.4 1.1 5.1 93 78 0.1 04 O06 04 0.3 1.1 5.2 27 65 06 1.1 | 

East Asian NIEs (NIE)... .. 327 44 18 18 861.1 09 37 129 #33 0.0 07 O98 03 08 07 3.0 19 08 262 2.2 le 

Asia/Pacific, other(APO)... 312 59 34 16 0.7 10 52 56 3.2 0.2 07 O2 11 20 23 7.4 34 O05 13 £229 re 
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Citing country US UIK Ge Fr It NC WEO Ja Ca USSR- ECE Is NE Af SCA ANZ In Ch NIE APO 
Percent to cited country 
Chemistry 
United States (US) ....... 63.2 49 57 3.3 1.7 0.5 4.6 6.7 3.1 0.6 1.2 0.6 0.2 0.2 0.3 1.3 0.8 0.4 0.6 0.0 
United Kingdom (UK)... .. . 269 364 63 4.4 2.2 0.7 5.9 6.4 2.9 0.9 1.3 0.5 0.3 0.3 0.4 1.9 1.1 0.4 0.6 0.1 
Germany (Ge) .......... 24.1 48 44.7 3.9 1.7 0.7 5.6 5.6 2.4 1.1 1.6 0.5 0.2 0.2 0.3 1.3 0.5 0.4 0.3 0.0 
France (Fr)............. 26.3 5.1 63 365 2.6 0.7 6.2 7.0 2.8 0.8 1.3 0.4 0.4 0.3 0.5 1.0 0.8 0.4 0.7 0.1 
Italy (It) 2.222, 24.6 55 55 5.0 35.9 0.6 6.2 7.3 2.7 0.7 1.6 0.5 0.2 0.2 0.5 1.3 1.0 0.4 0.4 0.1 
Nordic countries (NC) ..... 29.1 66 7.6 45 18 26.1 6.8 5.8 3.3 0.9 2.5 0.7 0.2 0.3 0.6 1.4 0.7 0.7 0.4 0.1 
W Europe, other (WEO).... 26.4 56 7.1 48 3.0 08 349 6.6 3.0 0.7 1.9 0.5 0.4 0.3 0.7 1.4 0.9 0.5 0.5 0.0 
Japan (Ja)............. 24.5 3.3 43 3.2 1.6 0.4 36 526 2.0 0.4 0.8 0.4 0.1 0.2 0.2 0.7 0.6 0.4 0.5 0.1 
Canada (Ca) ........... 32.7 60 6.0 3.7 2.1 0.7 5.1 58 31.0 0.6 1.3 0.5 0.2 0.2 0.6 1.7 0.8 0.4 0.5 0.1 
Former USSR (USSR)... . . . 18.5 43 65 3.7 1.6 0.8 4.1 6.8 1.9 44.7 2.7 0.5 0.3 0.2 0.4 1.0 1.0 0.6 0.4 0.1 
Eastern/Centrai Europe (ECE).. 21.6 46 69 4.3 2.8 0.9 6.6 7.8 2.7 2.2 33.1 0.5 0.6 0.3 0.6 1.1 2.0 0.6 0.7 0.1 
Israel (Is)... ........... 38.5 49 7.1 4.0 1.9 0.6 4.7 5.9 2.6 1.0 14 23.9 0.2 0.1 0.2 1.3 1.0 0.1 0.4 0.0 
Near East (NE)....... .. 12.3 53 3.6 6.3 1.6 0.5 5.9 3.1 2.2 0.8 1.9 0.3 49.1 0.6 0.7 1.0 3.4 0.4 0.6 0.3 
Africa (Af) ............. 20.1 66 88 3.5 3.3 0.4 4.9 5.0 2.5 0.9 1.5 0.3 0.5 36.1 0.6 2.0 1.4 0.6 0.7 0.2 
S/Ctri America (SCA)...... 24.7 52 54 5.1 2.9 0.6 8.8 6.2 4.6 1.1 2.2 0.5 0.4 03 27.2 1.7 1.5 0.6 0.8 0.1 
Australia, NZ (ANZ)....... 28.7 74 69 3.9 2.2 1.1 5.5 5.3 3.4 0.7 1.0 0.5 0.2 0.4 05 3903 0.8 0.3 0.8 0.2 
India (In)... ........... 23.1 47 42 3.6 2.2 0.5 4.7 6.8 2.4 0.8 1.6 0.4 0.6 0.3 0.5 15 402 0.6 0.9 0.3 
China (Ch)............. 26.6 48 47 4.1 2.6 0.5 60 11.2 3.0 0.8 1.9 0.3 0.3 0.3 0.6 1.3 22 276 0.8 0.1 
East Asian NiEs (NIE) ..... 34.3 53 42 3.2 2.5 0.5 42 9.5 3.5 0.5 1.1 0.4 0.3 0.2 0.4 1.5 1.2 08 26.4 0.1 
Asia/Pacific, other (APO)... 19.3 76 865.4 2.6 2.3 0.3 7.3 5.9 3.7 0.8 2.6 0.6 1.0 1.0 0.8 5.4 4.1 0.4 1.4 27.6 
Physics 
United States (US) ....... 65.3 38 66 4.0 1.5 0.8 4.8 5.5 2.3 1.5 0.7 1.0 0.0 0.1 0.4 0.7 0.4 0.4 0.3 0.0 
United Kingdom (UK)... ... 35.2 278 7.5 5.0 2.1 1.1 6.1 5.8 2.6 1.8 1.1 0.8 0.1 0.1 0.5 1.3 0.6 0.4 0.2 0.1 
Germany (Ge) .......... 33.9 40 32.5 5.1 2.0 1.1 7.1 5.1 2.0 2.4 1.3 1.0 0.0 0.1 0.5 0.7 0.5 0.5 0.2 0.0 
France (Fr)............. 33.1 4.1 83 298 2.3 1.0 6.8 5.8 2.0 2.0 1.3 0.9 0.1 0.1 0.6 0.6 0.5 0.5 0.3 0.0 
Pee 33.0 50 85 6.0 23.3 1.3 8.4 45 2.4 2.6 1.3 0.7 0.1 0.1 0.7 0.6 0.6 0.5 0.3 0.0 
Nordic countries (NC) ..... 36.3 49 95 6.3 29 18.1 5.9 5.6 2.6 3.1 1.4 0.8 0.0 0.0 0.6 0.8 0.5 0.3 0.2 0.0 
W Europe, other (WEO).... 34.6 49 96 6.0 2.8 1.1 25.7 5.2 2.4 2.2 1.6 0.9 0.1 0.1 0.7 0.7 0.6 0.5 0.3 0.0 
Japan (Ja)............. 32.7 29 5.7 3.7 1.1 0.6 42 43.0 1.7 1.2 0.7 0.5 0.0 0.0 0.3 0.4 0.4 0.4 0.3 0.0 
Canada (Ca) ........... 40.0 46 68 46 1.6 1.0 5.4 5.2 24.0 1.4 1.1 0.8 0.1 0.1 0.7 0.9 0.7 0.6 0.3 0.0 
Former USSR (USSR)... . . . 28.7 34 7.7 4.3 2.1 0.8 5.4 5.8 1.8 34.6 1.8 0.9 0.1 0.1 0.5 0.5 0.7 0.6 0.2 0.0 
EastervCentral Europe (ECE) 29.7 48 11.4 5.4 2.5 1.3 7.5 5.8 2.6 38 202 0.8 0.2 0.2 0.8 1.0 1.0 0.7 0.3 0.1 
Israel (is)... 2.2... 0000.. 46.0 38 7.1 5.0 1.5 0.6 5.1 4.1 2.1 2.9 09 18.4 0.0 0.1 0.4 0.8 0.7 0.2 0.2 0.0 
Near East (NE).......... 24.2 75 89 8.5 2.2 0.7 5.2 4.4 3.4 2.6 2.8 05 21.2 0.2 1.0 0.3 3.5 1.3 0.9 0.7 
Africa (Af) ............. 28.2 65 7.3 4.2 2.8 1.0 6.4 3.9 3.1 3.0 1.9 0.7 0.1 23.6 2.3 2.1 1.3 0.7 0.7 0.1 
S/Ctrl America (SCA). ..... 36.1 4.1 7.9 5.7 3.0 1.1 6.1 5.0 2.4 1.9 1.3 1.2 0.1 03 209 0.8 0.9 0.8 0.3 0.1 
Australia, NZ (ANZ)....... 34.9 74 76 44 1.5 0.9 5.0 5.3 2.8 2.1 1.1 0.7 0.2 0.2 06 23.4 0.9 0.6 0.3 0.0 
TD 0044004000000 34.2 43 73 43 2.1 0.8 5.5 7.1 2.5 1.6 1.7 1.0 0.2 0.2 1.1 1.1 23.0 1.0 0.7 0.1 
China (Ch)............. 37.8 41 7.0 5.2 2.2 1.1 6.0 8.6 3.0 1.5 1.3 0.9 0.1 0.1 1.0 0.8 16 169 0.6 0.2 
East Asian NiEs (NIE) ..... 46.1 3.8 5.7 4.1 1.5 0.6 4.5 10.7 2.7 9.9 1.0 0.9 0.2 0.2 1.1 0.7 1.1 1.1 12.9 0.1 
Asia/Pacific, other (APO)... 27.6 82 84 46 2.4 0.7 44 7.2 2.4 3.6 3.6 0.7 1.0 0.2 0.7 2.9 2.9 2.8 1.3 14.6 
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Selected countries’ citations to the international scientific and technical literature, by field: 1991-93 


(page 4 of 5) 
Citing country US UK oe Fr tt NC WEO Ja Ca USSR ECE is NE Af SCA ANZ In Ch NIE APO 
~ Percent to cited country 
Earth and space sciences 
United States (US) ....... 72.3 52 33 3.0 1.1 0.8 2.7 2.1 44 0.5 0.3 0.5 0.1 04 0.7 2.2 0.3 0.2 0.1 0.1 
United Kingdom (UK)... .. . 404 299 43 3.9 15 1.5 46 1.9 45 0.5 0.5 0.6 0.1 0.7 0.8 3.4 0.5 0.2 0.1 0.1 
Germany (Ge) .......... 445 6.7 22.7 44 2.0 1.4 5.0 2.4 3.9 0.8 0.6 0.6 0.1 0.6 1.0 2.5 0.4 0.3 0.1 0.1 
France (Fr)............. 42.8 65 42 26.1 1.4 0.8 5.0 2.2 42 0.9 0.6 0.5 0.2 0.6 0.9 2.2 0.3 0.4 0.1 0.1 
a 42.9 87 45 42 198 1.1 5.6 2.3 4.1 0.6 0.7 0.8 0.0 0.4 1.3 2.1 0.3 0.3 0.2 0.0 
Nordic countries (NC)... .. 39.4 86 54 3.3 1.1 22.5 5.0 2.1 6.5 1.3 0.6 0.3 0.1 0.4 0.5 2.2 0.5 0.2 0.1 0.0 
W Europe, other (WEO).... 38.4 87 65 49 2.5 16 23.4 2.2 47 0.6 0.7 0.6 0.2 0.7 0.9 2.4 0.5 0.3 0.1 0.1 
Japan (Ja)............. 42.7 62 42 3.6 1.3 1.1 3.4 28.1 3.5 0.8 0.3 0.3 0.1 0.5 0.6 2.4 0.5 0.3 0.2 0.1 
Canada (Ca) ........... 39.9 58 3.2 3.2 1.1 1.4 3.3 14 34.1 0.4 0.3 0.4 0.2 0.6 0.7 3.2 0.4 0.1 0.1 0.1 
Former USSR (USSR)... . . . 36.4 53 46 3.6 1.2 1.6 3.4 2.9 2.9 32.5 1.0 0.3 0.1 0.4 0.7 2.3 0.5 0.2 0.1 0.0 
Easterv/Central Europe (ECE) 37.3 64 75 5.0 2.4 1.8 7.4 3.5 6.3 2.5 13.8 0.7 0.3 1.1 0.8 2.0 0.5 05 0.2 0.0 
Israel (Ils).............. 46.9 47 39 3.3 1.2 0.7 4.0 1.4 45 0.7 04 23.5 0.5 0.4 0.5 2.5 0.5 0.3 0.1 0.0 
Near East, other (NEO) .... 34.0 7.1 5.4 6.9 1.3 1.5 5.6 1.7 3.9 0.4 0.9 15 212 1.3 1.5 3.2 1.7 0.0 0.0 0.6 
Africa (Af) ............. 31.0 730 «(3.1 3.9 1.0 1.3 3.8 2.2 5.9 0.2 0.4 0.4 03 315 1.1 5.0 0.7 0.2 0.4 0.2 
S/Ctri America (SCA)... . .. 45.9 6.1 4.7 4.7 2.9 0.7 49 1.9 5.7 0.5 0.8 0.6 0.1 10 16.0 2.7 08 0.1 0.0 0.1 
Australia, NZ (ANZ)....... 36.8 86 32 3.3 1.0 0.9 2.4 2.4 5.6 0.4 0.2 0.4 0.1 1.3 0.8 31.5 0.4 0.3 0.1 0.2 
India (in) .............. 39.2 78 44 3.3 1.7 0.9 3.5 2.6 4.0 0.8 0.5 0.9 0.3 1.1 0.9 23 25.1 0.2 0.2 0.2 
China (Ch)............. 43.3 59 58 5.9 2.0 0.5 46 4.1 44 1.1 0.9 0.7 0.1 0.5 1.1 4.0 06 140 0.7 0.1 
East Asian NIEs (NIE)... .. 52.0 44 33 2.9 1.1 1.4 3.4 5.8 5.8 0.3 08 0.7 0.4 1.7 0.7 3.0 1.7 0.4 9.8 0.4 
Asia/Pacific, other (APO)... 38.9 6.2 7.1 5.2 0.5 1.9 5.7 3.8 6.6 0.9 0.5 0.5 0.0 0.9 0.9 6.6 1.4 0.9 0.9 10.4 
Engineering and technology 
United States (US) ....... 74.7 38 27 2.0 0.9 0.6 2.6 5.0 2.2 0.3 0.5 0.6 0.2 0.1 0.3 1.1 0.6 0.6 1.1 0.0 
United Kingdom (UK)... . . . 312 429 38 3.0 1.4 0.9 3.6 4.4 2.2 0.6 0.7 0.4 0.4 0.1 0.4 1.4 0.6 0.8 1.0 0.1 
Germany (Ge) .......... 26.6 43 429 3.7 1.3 0.9 49 6.7 2.2 0.7 1.4 0.4 0.3 0.2 0.3 0.9 0.8 0.9 0.7 0.0 
France (Fr)............. 32.1 5.1 52 3%2 1.9 0.8 49 6.6 2.5 0.6 1.0 0.5 0.3 0.2 0.6 1.1 08 0.8 0.8 0.1 
SD» 500.04 05.06¢6 60 32.6 56 49 41 32 0.7 6.2 5.1 2.9 0.6 1.2 0.5 0.5 0.1 0.3 1.6 0.7 0.6 1.4 0.0 
Nordic countries (NC) ..... 36.6 62 57 3.0 14 247 5.1 5.3 5.2 0.7 1.0 1.0 0.2 0.0 0.3 1.9 0.4 0.6 0.6 0.0 
W Europe, other (WEO).... 33.1 63 55 4.1 1.4 1.1 312 5.5 3.0 0.6 1.1 0.9 0.4 0.2 0.7 1.3 1.3 1.1 1.1 0.1 
Japan (Ja)............. 25.2 3.7 42 2.2 0.8 0.3 24 55.3 1.6 0.5 0.4 0.3 0.1 0.1 0.3 0.7 0.5 0.5 °9 0.0 
Canada(Ca)........... 34.0 54 42 2.4 0.9 1.1 3.6 6.1 342 0.3 08 0.5 0.4 0.4 0.6 1.5 1.1 0.9 1.5 0.1 
Former USSR (USSR)... . . . 26.5 49 82 3.9 1.6 0.9 5.6 9.3 2.1 29.8 1.7 0.6 0.3 0.1 0.5 0.7 1.4 1.0 1.0 0.0 
Eastern/Central Europe (ECE) 28.3 54 86 3.8 1.4 0.7 6.1 7.0 2.7 18 259 0.8 0.5 0.5 0.6 1.3 2.2 1.1 1.2 0.0 
Israel (ils)... 22.2000. 44.2 39 22 2.0 0.7 0.8 4.0 43 2.8 0.3 04 30.0 0.8 0.0 0.3 1.0 0.3 0.5 1.5 0.0 
Near East, other(NEO).... 27.5 69 29 3.4 0.6 0.4 49 4.2 4.2 0.3 1.1 00 345 0.5 1.0 1.4 3.8 1.1 1.3 0.0 
Africa (Af)... ..00.0... 34.9 87 3.6 2.5 1.0 0.3 2.3 3.1 59 0.8 15 2.0 10 254 0.5 1.3 1.5 0.8 3.1 0.0 
S/Ctri America (SCA)... . .. 32.2 48 57 5.5 9 0.9 6.2 44 48 0.3 0.4 0.4 0.1 05 268 18 0.9 1.0 1.7 0.0 
Australia, NZ (ANZ)....... 36.4 76 36 2.6 1.3 0.9 3.7 5.1 4.0 0.3 0.4 0.5 0.6 0.7 0.7 284 0.7 0.7 1.8 0.1 
India (in)... 20.2.0, 27.9 48 39 2.5 1.1 0.6 3.3 6.6 4.0 0.5 1.0 0.3 1.2 0.2 0.7 16 360 1.3 2.2 0.3 
China (Ch)............. 35.5 42 6.1 3.8 1.5 0.6 5.3 8.7 3.0 0.3 1.0 0.7 0.2 0.2 0.3 1.6 12 228 3.0 0.1 
East Asian NiEs (NIE) ..... 43.0 42 23 1.6 0.9 0.5 2.2 8.8 3.1 0.1 0.5 0.6 0.2 0.2 0.9 1.6 1.4 1.1 26.7 0.1 
Asia/Pacific, other (APO)... 27.7 113 3.5 5.0 0.7 0.0 3.5 6.4 43 1.4 28 0.7 2.1 0.0 2.1 5.0 5.7 14 2.1 14.2 
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Selected countries’ citations to the international scientific and technical literature, by field: 1991-93 
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Citing country US UK Ge Fr Kt NC WEO Ja Ca USSR ECE Is NE a SCA ANZ in Ch NiE APO 
- Percent to cited courttry 
Mathematics 

United States (US) ....... 70.1 50 32 3.5 1.2 1.2 3.2 2.0 3.4 0.4 1.1 1.2 0.1 0.3 0.8 1.8 0.4 0.5 0.5 0.1 
United Kingdom (UK)... . . . 33.0 397 39 3.3 1.6 1.2 3.4 1.6 3.7 0.6 08 1.5 0.2 05 0.8 3.1 0.4 0.3 0.4 0.3 
Germany (Ge) .......... 324 6.1 322 5.0 1.7 1.1 7.3 2.6 3.0 0.7 18 13 0.2 0.2 0.9 1.4 0.5 0.7 0.6 0.3 
France (Fr)............. 350 44 43 359 2.4 1.0 44 1.9 3.4 08 1.7 1.0 0.5 08 0.7 1.0 0.1 04 0.3 0.1 
re 29.0 32 29 72 3.1 0.5 5.3 2.9 1.9 0.6 2.7 1.2 0.3 1.1 1.6 1.4 0.5 0.7 0.6 0.4 
Nordic countries (NC) ..... 37.1 82 45 3.1 23 289 5.2 2.1 2.3 0.2 1.2 0.9 0.0 0.0 0.9 1.9 0.5 0.0 0.5 0.2 
W Europe, other (WEO).... 33.1 58 56 48 1.9 09 33.7 1.9 3.5 0.6 2.4 0.9 0.3 0.2 1.4 14 0.5 0.5 0.4 0.1 
Japan (Ja)............. 34.1 33 5.1 4.1 1.8 0.6 43 %8 2.8 1.1 1.2 0.8 0.0 0.1 0.6 1.1 0.5 0.4 1.0 0.3 
Canada(Ca)........... 38.9 7.4 3.0 4.0 1.7 1.2 5.1 18 28.1 0.3 1.4 1.2 0.3 0.2 0.9 2.7 0.4 1.0 0.4 0.1 
Former USSR (USSR)... . . . 41.4 5.4 78 6.9 2.7 0.7 6.1 6.4 2.2 12.0 1.0 1.5 0.2 1.2 0.5 2.0 0.2 1.2 0.5 0.0 
‘EastervCentral Europe (ECE) 329 50 64 44 2.5 1.1 8.1 2.1 4.0 0.4 27.8 0.7 0.1 0.1 0.6 1.7 0.6 0.4 0.7 0.4 
Israel (Ils)... 2... .00000.. 453 45 3.3 45 2.0 0.8 2.3 3.0 4.0 0.5 18 23.7 0.0 08 18 0.5 0.3 0.5 0.5 0.0 
Near East (NE).......... 30.1 80 O89 8.8 3.5 0.9 7.1 0.9 6.2 0.0 2.7 09 186 0.9 0.9 3.5 3.5 2.7 0.0 0.0 
Africa (Af) ............. 309 65 1.6 3.3 0.8 1.6 2.4 2.4 0.8 1.6 08 3.3 0.0 40.7 0.0 1.6 0.0 0.8 0.8 0.0 
S/Ctri America (SCA)... ... 37.7 3.1 5.1 5.4 4.0 1.6 5.8 2.2 3.8 0.0 2.7 0.4 0.4 0.0 26.1 0.7 0.0 0.4 0.4 0.0 
Australia, NZ (ANZ) ...... 373 102 29 2.5 0.4 2.2 42 1.5 5.2 1.3 1.1 0.4 0.0 1.0 0.7 263 0.3 0.4 1.7 0.3 
India (in)... .......... 37.1 6.4 1.4 2.5 1.8 1.4 6.0 28 42 0.7 18 0.4 0.0 0.0 0.7 2.1 27.2 2.8 0.4 0.4 
China (Ch) ............ 390 37 43 5.6 45 1.1 78 45 3.9 0.6 2.6 0.9 1.1 06 1.1 1.3 06 149 1.7 0.2 
East Asian NIEs (NIE)... .. 46.4 83 26 1.7 0.9 1.3 47 1.7 40 0.0 0.9 0.9 0.4 0.0 0.2 2.6 1.7 17 198 0.4 
Asia/Pacific, other (APO)... 164 9.1 145 1.8 0.0 0.0 5.5 3.6 3.6 1.8 3.6 0.0 0.0 0.0 3.6 3.6 0.0 0.0 1.8 30.9 


NIE = newly industrialized economy; NZ = New Zealand 
NOTE: Citations are to 1987-91 articles 
SOURCES Institute for Scientific Information, SC! data base; CH! Research Inc., Science and Engineering Indicators data base; and NSF special tabulations. 
See figure 5-27. 
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University of Cincinnati.......... 
University of Connecticu......... 
University of Florida ............ 
University of Georgia ...... 
University of Hawaii ............ 
University of illinois............. 
University of lowa.............. 
University of Kansas............ 
University of Kentucky .......... 
University of Maryland . 


University of California .......... 


University of Arizona............ 


Texas A & M University.......... 


University of Medicine and 


Rutgers, the State Universit ...... 
State University of New York ..... 


City University of New York 
Clemson 

Georgia Institute of Technology .. . 
North Carolina State University 
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SOURCES. TAF Report. US Universities, 1969-1993, US. Patents and Trademarks Office (September 1995). and NSF. special tabulations 


See figures 5-28 and 5-29 
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Appendix table 5-43. 
Patents granted to U.S. academic institutions, by major utility class: 1969-73 through 1989-94 
(page 1 of 2) 
Utility 
class _ Utility class title 1969-73 1974-78 1979-83 1984-88 1989-94 
—~ —- --~-—Number. — -————-—- —_—_--— 
Total number of patents .................... 2.0.0.0 cee eee 1,125 1,658 1,982 3,441 8,630 
435 Chemistry: molecular biology and microbiology ................. 31 77 149 312 863 
514 Drug, bio-affecting and body treating compositions .............. 27 87 171 353 789 
424 Drug, bio-affecting and body treating compositions .............. 31 66 102 183 518 
128 iin eons eee eee hbeteebes 644040606 00448 5488008 32 49 67 125 306 
250 ae ala eta ene os eens és <6 t+ 22 54 36 71 241 
530 Chemistry: natural resins or derivatives; peptides or proteins ....... 0 0 41 111 229 
324 Electricity: measuring and testing ......................00005. 23 19 27 80 192 
204 Chemistry: electrical and wave energy ........................ 28 33 47 62 188 
364 Electrical computers and data processing systems .............. 0 17 0 49 178 
73 I i ten ae en eee bien 6 664.4646 6+ 56 49 55 89 171 
359 Optics: systems (including communication) and elements ......... 19 32 30 50 158 
536 Organic compounds—part of the class 532-570 series ........... 11 26 30 43 147 
427 inn 0 6g OOO Oes 0S OHESEEO CECE OEE CCEEEES 0 0 0 0 137 
372 Coherent light generators .... 2.22. cece eee 12 17 0 50 135 
210 Liquid purification or separation ....................0.00005.. 20 32 23 47 132 
257 Active solid state devices (e.g., transistors, solid state diodes) ..... 0 0 0 0 131 
395 Information processing system organization .................... 16 0 0 0 131 
505 Superconductor technology: apparatus, material, process ......... 0 0 0 0 130 
604 het hited eek nehsees 000s eee4eeeneeeses 0 0 29 67 117 
356 Optics: measuring and testing ....... 2.2.2... 0.. 00.0 ee eee eee 15 0 33 59 111 
436 Chemistry: analytical and immunological testing................. 0 46 50 77 101 
428 Stock material or miscellaneous articles ....................... 0 0 27 34 93 
528 Synthetic resins or natural rubbers—part of the class 520 series .... 13 20 0 0 92 
525 Synthetic resins or natural rubbers—part of the class 520 Series ... 0 0 20 0 90 
423 Chemistry of inorganic compounds ....................0.0055. 25 38 22 0 86 
437 Semiconductor device manufacturing: process.................. 0 0 25 35 0 
156 Adhesive bonding and miscellaneous chemical manufacture ....... 0 0 0 0 0 
264 Plastic and nonmetallic article shaping or treating: processes ...... 0 0 20 0 0 
623 Prosthesis (i.e., artificial body members), parts thereof, or aids ..... 18 0 0 49 0 
606 TTT TT TT TT eT eee TTT TTTTTTTTTTTTTTTTe 13 0 0 43 0 
607 Surgery, light, thermal, and electrical application ................ 0 0 0 42 0 
385 tn + ct¢cen KROES EREED COR SOCEREEE EOD ¢0 00608 0 0 0 42 0 
549 Organic compounds—part of the class 532-570 series ........... 0 21 38 0 0 
552 Organic compounds—part of the class 532-570 series ........... 15 17 38 0 0 
426 Food or edible material: processes, compositions, and products .... 17 34 36 0 0 
136 Batteries: thermoelectric and photoelectric ..................45. 0 0 25 0 0 
126 Pe ccieecekeesesegccseaseeersecesceeceese 0 0 19 0 0 
568 Organic compounds—part of the class 532-570 series ........... 0 32 0 0 0 
378 X-ray or gamma ray systems or devices ................0.0005. 13 26 0 0 0 
546 Organic compounds—part of the class 532-570 series .......... 0 24 0 0 0 
560 Organic compounds—part of the class 532-570 series ........... 0 18 0 0 0 
56 Te ert eT Terr rrTyrTrrTrrrrreTrrrr Tree 26 0 0 0 0 
310 Electrical generator or motor structure ............ 6.6. cece 23 0 0 0 0 
365 Static information storage and retrieval ....................005. 20 0 0 0 0 
343 Communications: radio wave antennas ..................6005. 17 0 0 0 0 
307 Electrical transmission or interconnection systems ............... 16 0 0 0 0 
434 Education and demonstration ... 2.0... eens 14 0 0 0 0 
209 Classifying, separating, and assorting solids ................... 12 0 0 0 0 
NA ES 656-06 6660066060 e ce ccescencereccecenes 540 824 822 1,368 3,164 
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Appendix table 5-43. 
Patents granted to U.S. academic institutions, by major utility class: 1969-73 through 1989-94 
(page 2 of 2) 
Utility 
class _ Utility class title 1963-73 1974-78 1979-83 1984-88 1989-94 
—_—______—_-- ——_—_Pereent—_______—_—___—__—- 
Total number of patents ......................0...020005.. 100.0 100.0 100.0 100.0 100.0 
435 Chemistry: molecular biology and microbiology ................. 2.8 46 7.5 9.1 10.0 
514 Drug, bio-affecting and body treating compositions .............. 2.4 5.2 8.6 10.3 9.1 
424 Drug, bio-affecting and body treating compositions .............. 2.8 4.0 5.1 5.3 6.0 
128 ED itn a 5600565 b6 9644 9-66405042E4 0000590004405 00 64 2.8 3.0 3.4 3.6 3.5 
250 ta oii latin oes been 6 6 44 64% 2.0 3.3 1.8 2.1 2.8 
530 Chemistry: natural resins or derivatives; peptides or proteins ....... 0.0 0.0 2.1 3.2 2.7 
324 Electricity: measuring and testing .....................20200.. 20 1.1 1.4 2.3 2.2 
204 Chemistry: electrical and wave energy ........................ 2.5 2.0 2.4 1.8 2.2 
364 Electrical computers and data processing systems .............. 0.0 1.0 0.0 1.4 2.1 
73 ain inna eens y 69 60 04% 5.0 3.0 2.8 2.6 2.0 
359 Optics: systems (including communication) and elements ......... 1.7 1.9 1.5 1.5 1.8 
536 Organic compounds—part of the class 532-570 series ........... 1.0 1.6 1.5 1.2 1.7 
427 te not 666 6 hO SEUSS TEEEH ONT 1 00000006084 0.0 0.0 0.0 0.0 1.6 
372 Coherent light generators .... 2... 2c eee eee 1.1 1.0 0.0 1.5 1.6 
210 Liquid purification or separation .... 2.20... 2. eee eee 1.8 1.9 1.2 1.4 1.5 
257 Active solid state devices (e€.g., transistors, solid state diodes) ..... 0.0 0.0 0.0 0.0 1.5 
395 Information processing system organization .................... 1.4 0.0 0.0 0.0 1.5 
505 Superconductor technology: apparatus, material, process ......... 0.0 0.0 0.0 0.0 1.5 
604 Ri plein alan wee nik sy 5404084 E 0400060000068 0.0 0.0 1.5 1.9 14 
356 Optics: measuring and testing ... ©... cece eee 1.3 0.0 1.7 1.7 1.3 
436 Chemistry: analytical and immunological testing................. 0.0 2.8 2.5 2.2 1.2 
428 Stock material or miscellaneous articles ....................... 0.0 0.0 1.4 1.0 1.1 
528 Synthetic resins or natural rubbers—part of the class 520 series .... 1.2 1.2 0.0 0.0 1.1 
525 Synthetic resins or natural rubbers—part of the class 520 series .... 0.0 0.0 1.0 0.0 1.0 
423 Chemistry of inorganic compounds ............. 06.60. c eee eee 2.2 2.3 1.1 0.0 1.0 
437 Semiconductor device manufacturing: process.................. 0.0 0.0 1.3 1.0 0.0 
156 Adhesive bonding and miscellaneous chemical manufacture ....... 0.0 0.0 0.0 0.0 0.0 
264 Plastic and nonmetallic article shaping or treating: processes ...... 0.0 0.0 1.0 0.0 0.0 
623 Prosthesis (i.€., ortificial body members), parts thereof, or aids ..... 1.6 0.0 0.0 1.4 0.0 
606 i Kpeecciine. dedieees OACOREASESEREESREDOC CCRC C88 1.2 0.0 0.0 1.2 0.0 
607 Surgery, light, thermal, and electrical application ................ 0.0 0.0 0.0 1.2 C0 
385 Ts 6h bs shee oe dak ehh 6 ied 458000 0048s 04008 0.0 0.0 0.0 1.2 0.0 
549 Organic compounds—part of the class 532-570 series ........... 0.0 1.3 1.9 0.0 0.0 
552 Organic compounds—part of the class 532-5, series ........... 1.3 1.0 1.9 0.0 0.0 
426 Food or edible material: processes, compositions, and products .... 1.5 2.1 1.8 0.0 0.0 
136 Batteries: thermoelectric and photoelectric ..................... 0.0 0.0 1.3 0.0 0.0 
126 i tice eh ee ein nnek ns 4o050ees 66a bees t 0.0 0.0 1.0 Uv. 0.0 
568 Organic compounds--part of the class 532-570 series............ 0.0 1.9 0.0 0.0 0.0 
378 X-ray or gamma ray systems or devices ................6.0005. 1.2 1.6 0.0 0.0 0.0 
546 Organic compounds—part of the class 532-570 series ... ....... 0.0 1.4 0.0 0.0 0.0 
560 Organic compounds—-part of the class 532-570 series ........... 0.0 1.1 0.0 0.0 0.0 
56 TE +. £006 546-60C4PRUEEHEHS COCO SSA SEES CES ee ceeeeees 2.3 0.0 0.0 0.0 0.0 
310 Electrical generator or motor structure ............... 000-00 0ue 2.0 0.0 0.0 0.0 0.0 
365 Static information storage and retrieval ...................6404. 1.8 0.0 0.0 0.0 0.0 
343 Communications: radio wave antennas ....................... 1.5 0.0 0.0 0.0 0.0 
307 Electrical transmission or interconnection systems ............... 1.4 0.0 0.0 0.0 0.0 
434 Education and demonstration .. 2... eee 1.2 0.0 0.0 0.0 0.0 
209 Classifying, separating, and assorting solids ................... 1.1 0.0 0.0 0.0 0.0 
NA Es +. 66 6x6 OO bee) 000 4b00n00enseneeesece 48.0 49.7 41.5 39.8 36.7 


NA = not applicable; - = utility classes contributing less than 1 percent of academic totai in a given time period 
NOTES: Utility classes contributing less than 1 percent of academic total in a given time period not shown separately. Last period comprised of six years, 


all others of five. 
SOURCE: Technology Assessment and Forecast Program, U.S. Patent and Trademark Office, U.S. Universities 1969-1993 (Washington, DC: September 1994). 
See figures 5-30 and 5-31. 
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Appendix table 6-1. 4 
U.S. trade in advanced technology products: 1990-94 £ 
(page 1 of 12) ° 
Export Import Balance i 
Region or country 1999 1991 1992 1993 1994 1990 1991 1992 1993 1994 1990 1991 1992 1993 1994 
Millions of U.S. dollars 
All technologies 
Total, alicountries .......... 94,714.7 101,641.5 107,091.3 108,411.2 120,798.0 | 59,381.0 63,251.88 71,8708 81,228.1 98,351.5 | 35,333.8 38,389.6 35,2205 27,183.2 22,4466 
NAFTA partners, total ........ 12,633.68 13,553.5 15,4486 15,7349 19,0429! 7,022.1 80188 88088 84963 10,8916! 5611.7 55347 6,639.8 7,238.6 8,151.4 
Canada ................. 10,290.2 10,9768 12,047.9 12,310.0 14,278.1! 5,783.8 6883.8 7,2403 69122 83746! 45064 4,093.0 4,807.6 5397.8 5,903.5 
Mexico ................. 2,343.6 2,576.7 3,400.7 3.4249 4,7648! 1,238.3 1,135.0 1,568.5 1,584.1 2,516.9! 1,105.3 1,441.7 1,832.2 18409 2,247.8 
Europe Four, total .......... 25,365.6 26,647.0 25.498.5 23,324.0 25,331.1 | 10,198.0 11,773.1 13,329.7 13,096.6 14,004.8! 15,1676 14,873.9 12,168.8 10,2274 11,326.3 
Germany, Federal Republic of . . 7,402.2 8566.2 7,765.2 63783 6,563.2! 2,283.0 2811.7 3,082.9 2,780.7 3,117.4! 51192 57545 4,682.3 35976 3,445.8 
France.................. 5,754.4 6,772.1 6,401.1 5,817.4 5861.4! 34226 41615 4,889.8 4,936.1 4,995.4! 23318 26106 1.5114 8813 866.1 
See 2,189.9 25309 26416 1,7428 23050! 6829 7787 760.7 794.0 878.4! 1,507.0 1,752.1 1,880.9 948.8 1,426.6 
United Kingdom .......... 10,019.1 87/78 8690.6 9,385.5 10,6014! 3,809.4 40212 45963 4,585.8 5013.6! 6.2096 4,756.6 4,0943 4,799.7 5,587.9 
re 28,254.7 30,707.00 34,071.2 39,155.7 44,371.9 | 35,936.3 36,3928 41,6753 50,9946 63,940.9 7,681.5) -5,685.8 -7,604.1-11,839.0 -19,569.0 
eee 1.2415 1,7075 2,849.7 3,398.4 3,087.4: 1625 356.1 594.9 1,096.9 23248! 1,079.0 1,351.4 2,2548 2,301.4 762.7 
Taiwan ................. 2,862.8 35228 4,323.2 5,126.9 5,433.7! 3,699.2 34400 4,079.2 5,015.7 6,433.7! -836.5 82.8 244.0 111.2 ~-—1,000.0 
Hong Kong .............. 1,901.2 2.2058 2,531.7 2,870.4 3,216.3! 1,200.3 1,0489 1,159.7 1,437.6 1,3843! 700.9 1,156.9 1,372.0 1,432.6 1,832.0 
Pee rer ee 278.0 215.5 212.9 712.4 494.6! 10.3 15.8 18.0 36.3 48.2! 267.7 199.6 194.9 676.1 446.3 
Indonesia ............... 529.6 247.0 660.0 946.1 592.5 ! 19.9 89.4 281.6 380.5 521.3! 509.7 157.6 378.4 565.6 71.2 
ee 12,217.0 12,365.3 12,603.7 12,1464 14,414.7 '19,450.2 19,799.5 21,458.4 24,936.1 28,732.2 '!-7,233.2 -7,434.1 -8,854.7-12,789.6 -14,317.4 
Korea, Republicof ........ 3,520.5 4,072.0 4,181.2 4,637.0 6,204.3! 3,693.8 3,357.1 3,657.0 4,672.4 66584: -173.4 7149 524.2 -35.4 -454.1 
Malaysia ................ 2,373.4 2,592.1 2,8856 4,102.8 4,610.2! 1,905.1 2,331.3 3,368.7 4,968.2 69913: 4683 2609 -483.1 -865.3 -2,381.1 
Singapore ............... 3,330.9 3,779.0 3,231 5,215.3 6,318.1! 5,795.1 5,954.7 7,057.8 8,450.9 10,846.6 !-2,464.2 -2,175.7 -3,234.7 -3,235.6 -4,528.6 
South America, total ........ 2,180.4 2.8374 3,116.2 2,860.4 3,238.4: 363.0 243.1 235.4 198.6 151.7! 1,817.4 2,594.2 2,880.7 2,661.7 3,086.7 
Argentina ............... 294.8 411.9 793.0 866.7 1,064.7 | 6.0 8.3 32.6 28.7 34.5: 288.8 403.6 760.4 838.0 1,030.1 
errr re 1,523.2 2,055.9 1,817.2 1,600.9 1,7013: 3542 2341 201.8 169.1 115.8: 1,169.0 18218 1,615.4 1,431.8 1,585.5 
SEE 4454208664404 0 0.0088 293.1 307.1 433.7 307.7 345.5 | 0.5 0.5 0.6 0.6 1.1! 292.7 306.6 433.0 307.1 344.4 
ME £55669.5.066400006004 69.3 62.5 72.3 85.1 127.0 | 2.4 0.2 0.4 0.2 0.3: 66.9 62.2 71.9 84.9 126.7 
Africa, total................ 492.3 718.7 591.1 692.5 485.0 | 2.7 1.8 7.3 10.7 14.4: 489.6 716.9 583.8 681.7 470.6 
ME 66-06409640006 60040 12.1 12.7 13.9 15.0 17.6 | 1.0 0.4 4.0 1.5 0.7: 11.1 12.3 9.9 13.4 16.9 
DL c-cenceeseeanerec 76.1 49.3 50.8 55.5 33.5 | 0.1 0.1 0.0 0.2 0.2: 76.0 49.2 50.7 55.3 33.3 
South Africa, Republic of ... 404.1 656.8 526.4 622.0 433.9 | 1.7 1.3 3.2 9.0 13.5 | 402.4 655.4 523.2 613.0 420.4 
Eastern Europe, total........ 136.7 207.1 469.1 776.1 932.8 | 11.0 9.8 24.6 95.1 225.7 | 125.6 197.3 4445 681.0 707.1 | 
DEED c¢eseceesaceeves 24.2 130.4 136.3 250.3 113.0 ; 5.6 6.1 6.3 13.2 21.9: 18.6 124.3 130.0 237.1 91.0 
See 112.4 76.7 203.0 253.4 187.3 5.4 3.7 3.7 46 9.3 ; 107.0 72.9 199.2 248.8 178.0 
Ds cGntederereccacees 0.0 0.0 129.8 272.4 632.6 | 0.0 0.0 14.5 77.3 194.5 : 0.0 0.0 115.3 195.2 438.1 
All other countries ......... 25,651.3 26,970.88 27,896.7 25,867.7 27,395.9 | 5,848.0 68124 7,789.8 8,336.1 9,122.3 : 19,803.3 20,158.4 20,106.9 17,5316 18,273.6 
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Appendix table 6-1. w 

U.S. trade in advanced technology products: 1990-94 o 

(page 2 of 12) 5 

Ro 

Export Import _ __ Balances m 

Region or country 1990 1991 1992 1993 1994 1999 1991 1992 1993 1994 1990 1991 1992 1993 1994 é 

Millions of U.S. dollars 3 

Biotechnology é 

z 

Total, alicountries .......... 661.2 706.0 745.8 885.7 1,026.7 | 32.1 48.7 48.8 60.0 74.3 ! 629.1 657.3 697.0 825.7 952.4 g 

' ! 9S 

NAFTA partners, total ........ 78.7 92.1 108.2 127.0 1516 | 103 9.1 10.3 8.7 97 | 683 83.0 979 1183 141.9 . 

Canada................. 71.2 84.2 97.4 112.6 1323! 12 0.2 0.0 0.2 0.1 ' 70.0 84.0 974 1124 132.2 = 

Mexico ................. 7.4 7.9 10.8 14.4 193 ' 914 9.0 10.3 8.5 95 !| -1.7 -1.0 0.5 6.0 9.7 rs 
Europe Four, total .......... 144.9 146.4 164.1 204.9 1975 | 11.0 23.3 21.3 17.1 111 ! 133.9 123.1 1428 187.8 186.4 
Germany, Federal Republic of . . 89.9 77.7 85.4 97.6 110.3! 54 14.0 15.9 12.0 5.7 | 848 63.8 69.5 85.5 104.6 
France .................. 19.0 18.5 16.0 20.0 258 | 37 6.0 3.1 3.1 29 ' 15.3 12.4 12.9 16.9 22.9 
ent canada ys 4444s 444 17.1 28.3 23.1 29.1 213: 14 1.7 1.4 1.6 22 ! 15.7 26.6 21.7 27.6 19.1 
United Kingdom .......... 18.8 21.9 39.6 58.2 400 ' OO 1.6 0.9 0.4 02 : 18.1 20.3 38.7 57.8 39.8 
Asia, total. ................ 198.1 198.7 185.6 166.3 2305 '| 16 2.1 1.9 1.6 15 | 1965 196.5 183.8 164.7 229.0 
China ..............005. 0.5 1.5 2.6 1.8 14 ' 00 0.0 0.3 0.3 00: 05 1.4 2.3 1.5 1.3 
Taiwan ................. 6.7 7.6 14.0 eRe) 141 ' 00 0.0 0.0 0.0 00: 67 7.6 14.0 9.9 14.1 
Hong Kong .............. 3.8 4.1 4.4 4.1 96 ' 0.0 0.0 0.0 0.0 00: 38 4.1 4.4 4.1 9.6 
India .... 222.2, 0.8 0.8 1.2 0.7 15 ' 02 0.2 0.0 0.0 00 : 06 0.6 1.2 0.7 1.5 
Indonesia ............... 1.5 2.4 2.1 2.6 34 !' 0.0 0.0 0.0 0.0 00: 15 2.4 2.1 26 3.4 
Japan .................. 178.5 176.6 153.8 139.4 188.9 ' 14 1.9 1.6 1.3 10 ' 1772 1747 152.3 138.1 187.9 
Korea, Republicof ........ 3.4 2.5 3.7 3.4 57 ' 0.0 0.0 0.0 0.0 04: 34 2.5 3.7 3.4 5.3 
Malaysia ................ 1.2 1.1 1.9 2.5 27 ' 0.0 0.0 0.0 0.0 00: 12 1.1 1.9 25 2.7 
Singapore ............... 1.6 2.0 2.0 1.9 32 ' 0.0 0.0 0.0 0.0 00: 16 2.0 2.0 1.9 3.2 
South America, total ........ 6.9 9.0 14.5 19.1 36.0 ' 0.0 0.0 0.0 0.0 16 ' 69 9.0 14.5 19.1 34.4 
Argentina ............... 2.3 4.8 8.8 10.1 145 ' 0.0 0.0 0.0 0.0 00: 23 48 8.8 10.1 14.5 
Brazil.............. ee 1.7 1.4 2.5 4.5 15.7: 0.0 0.0 0.0 0.0 16! 17 1.4 2.5 45 14.1 
Chile 1.3 1.1 1.3 2.5 28 ' 0.0 0.0 0.0 0.0 00: 13 1.1 1.3 2.5 2.8 
Peru ................... 1.7 1.7 1.8 2.1 29 ' 0.0 0.0 0.0 0.0 00: 17 1.7 1.8 2.1 2.9 
Africa, total... 22... 3.3 3.1 2.6 3.5 3.7 :' 0.0 0.0 0.0 0.0 00: 33 3.1 2.6 3.5 3.7 
ED o-666004545400045005 0.1 0.0 0.1 0.1 0.1 ' 0.0 0.0 0.0 0.0 0.0 | 0.1 0.0 0.1 0.1 0.1 
Nigeria ................. 0.0 0.0 0.0 0.0 00 : 00 0.0 0.0 0.0 00 : 00 0.0 0.0 0.0 0.0 
South Africa, Republic of |. . 3.3 3.0 2.6 3.4 36 ' 0.0 0.0 0.0 0.0 00: 33 3.0 2.6 3.4 3.6 
Eastern Europe, total........ 0.5 1.1 2.8 1.7 80 ' 04 0.9 0.4 0.5 1.4 |! 0.1 0.2 2.4 1.2 6.6 
DD ¢c2¢eee00¢t 4000 0.4 0.4 0.4 0.7 08 ' 04 0.9 0.4 0.5 14°: -0.0 -0.5 -0.0 0.3 -0.6 
ee 0.2 0.7 1.8 0.6 5.7 ' 0.0 0.0 0.0 0.0 0.0 | 0.2 0.7 1.8 0.6 5.7 
Rs cc henkunaeeichese 0.0 0.0 0.6 0.3 15 ' 00 0.0 0.0 0.0 00 : 00 0.0 0.6 0.3 1.5 

All other countries .......... 228.8 255.6 268.0 363.2 3993 ' 88 13.3 14.9 32.1 49.1 | 


220.0 242.3 253.1 331.1 350.2 


Biotechnology is the medical and industrial application of advanced scientific discoveries in genetics to the creation of new drugs, hormones and other therapeutic items for both agriculture and human use. 
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Appendix table 6-1. 
U.S. trade in advanced technology products: 1990-94 


(page 3 of 12) 
CE port —_ port ati Balance 
Region or country 1990 1991 1992 1993 1994 1990 1991 1992 1993 1994 1990 1991 1992 1993 1994 
Millions of U.S. dollars 
Life sciences 
Total, allcountries ... sss. 4,860.3 5.4925 5,826.0 6129.2 6,823.4 ! 3,417.6 4,305.8 48214 4,653.7 48168 ' 1,442.8 1,186.7 1.0046 1.4755 2,0066 
NAFTA partners, total ........ 727.3 741.1 7784 8253 9382 ! 186.6 277.7 3796 2709 2936 . 5407 4633 3988 5544 6447 
Canada................. 581.3 5479 5489 5736 6802: 796 1015 1195 1202 1481: 5017 4464 4294 4535 5322 
Mexico ................ 146.0 193.2 2295 2517 2580: 1070 1763 260.1 150.7 1455: 39.0 169 -307 1009 £1125 
Europe Four, total .......... 1,366.4 1,573.2 16939 15969 1,725.6 | 1,331.0 1,888.8 2.0570 19196 19615: 354 -3156 -363.1 -3227 -235.9 
Germany, Federal Republic of . . 555.6 680.7 728.0 696.7 7494: 793.1 1,135.9 1,215.7 10364 9449: -2375 -4552 -4876 -3397 -1955 
France.................. 272.7 303.7 343.0 3477 3905: 2179 2779 259.9 2744 3582: 548 30.8 83.1 73.2 32.3 
Italy oe 221.1 2346 2592 1812 1807: 446 58.1 70.8 72.0 787: 1765 1765 188.4 1092 1020 
United Kingdom .......... 317.0 349.2 3638 3713 4051: 2754 4168 510.7 5368 5797: 416 -67.7 -1470 -1654 -1746 
Asia, total................. 1,243.7 1,363.0 1,446.5 1,682.7 19258: 867.0 1,023.7 1.1137 1,1008 1,1848 | 3767 3393 3328 5819 741.0 
China ...... ewakseuteas 87.7 118.8 163.3 1817 1409: 140 14.8 48.8 479 101.7: 73.7 104.0 1145 1338 39.2 
Taiwan ................. 102.0 95.6 133.0 1335 1308: 133 16.2 20.4 26.9 489: 887 79.4 1126 1066 81.9 
Hong Kong .............. 50.8 73.0 933 1147 1249: 198 18.6 24.1 16.5 152: 31.0 54.4 69.1 98.1 109.7 
India ............. ee 62.2 49.4 44.8 53.2 57.0 | 1.2 1.2 1.3 23 35: 610 48.2 43.5 51.0 53.4 
Indonesia. sss 95 12.9 96 16.2 7.9 | 0.1 0.3 0.1 0.0 01: 94 12.6 95 16.1 7.9 
Japan ... 0.0.0... eee ee. 690.1 727.2 725.0 841.1 10069: 7466 889.6 9104 98915 8959: -565 -1624 -1853  -504 111.1 
Korea, Republic of ........ 168.4 206.7 1886 2354 3197.) 8.6 7.3 7.2 6.4 74: 1598 1994 181.4 2291 312.3 
Malaysia ................ 9.9 14.2 17.1 24.3 26.3 | 0.2 0.7 1.3 1.6 23 | 97 13.6 15.8 22.6 24.1 
Singapore ............... 63.1 65.2 71.8 827 1114: 632 75.0 100.2 107.7 1100: -01 99 -284 -250 15 
South America, total ........ 137.7 182.2 209.7 2438 2929 25 3.6 18 13.3 16: 1353 1787 2079 2306 291.3 
Argentina ............... 21.6 40.8 53.1 588 101.0 | 0.3 0.2 0.3 0.4 05; 213 40.7 52.8 584 1005 
Brazil................... 94.0 115.1 1154 1338 1443 | 2.1 3.4 1.3 12.9 114: 919 +1117 114.1 1210 1432 
Chile ................... 15.1 21.9 34.2 42.0 36.4 | 0.0 0.0 0.1 0.0 00: 15.1 21.9 34.1 41.9 36.4 
Peru ................... 7.0 4.4 6.9 9.3 11.2 | 0.0 0.0 0.0 0.0 0.0 | 7.0 44 6.9 93 11.2 
Africa, total................ 43.1 45.9 46.7 42.6 43.2 | 0.3 0.5 0.5 58 78: 428 45.3 46.2 36.8 35.4 
Kenya 0.0.00... 0.0.0 ee. 0.7 0.5 1.3 05 05 | 0.2 0.0 0.0 0.0 00; Os 0.5 1.3 0.5 0.5 
Nigeria ................. 12.2 10.5 11.2 3.6 2.2 | 0.0 0.0 0.0 0.0 01; 122 10.5 11.2 3.6 2.1 
South Africa, Republic of ... 30.3 34.9 34.2 38.5 40.5 | 0.1 0.5 0.5 Ce) 77: 302 34.4 33.7 32.7 32.8 
Eastern Europe, total........ 12.3 20.5 33.7 58.2 84.5 | 4.1 4.2 18.4 665 1712; 83 16.3 15.3 83 -867 
Hungary ................ 5.1 12.3 7.2 7.4 12.6 | 4.0 4.0 46 7.8 9.2 | 1.1 8.3 2.5 0.4 3.4 
Poland.................. 7.3 8.2 12.0 11.0 17.4 | 0.1 0.2 0.5 0.3 0.7 | 7.2 8.0 11.5 10.7 16.7 
Russia.................. 0.0 0.0 146 39.8 54.5 | 0.0 0.0 13.2 584 1613; 00 0.0 13 -186 -1068 


niques for the manufacture of drugs have led to many new products for the control or eradication of disease. 
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U.S. trade in advanced technology products: 1990-94 o 

(page 4 of 12) 5 

Qo 

Export import Balance m 

Region or country 1990 1991 1992 1993 1994 1990 1991 1992 1993 1994 1990 1991 1992 1993 1994 < 

a aecnoace Millions of U.S. dollars $ 

Opto-electronics é 

& 

Total, allcountries .......... 5240 6279 6040 701.1 9286 ' 1138.0 2038.4 25703 25323 25361 | -6139 -14105 -19663 -18313 -16075 2 

' ' S 

NAFTA partners, total ........ 67.5 75.0 1079 1266 1605! 74.1 748 2197 1086 666' -66 02 -1118 18.1 93.9 : 

SED cagécecestvewen se 49.7 46.7 72.2 835 1032! 194 18.7 24.4 22.9 201: 303 28.0 478 60.5 83.2 — 

Mexico ................. 17.8 28.3 35.7 43.2 573! 547 56.1 195.3 85.6 465 ' -369 -278 -1597 -424 10.7 $ 
Europe Four, total .......... 172.3 1959 2056 2189 2760: 423 1046 90.7 93.2 88.5 ' 130.0 913 1149 1257 1876 
Germany, Federal Republic of . . 58.2 887 1072 1059 1484: 160 57.2 41.7 38.4 386 ' 421 31.5 65.5 675 1098 
France.................. 30.7 32.2 29.3 29.0 382! 29 5.3 47 9.6 11.1! 278 26.9 24.6 19.4 27.0 
italy 2... 24.2 21.5 19.0 19.1 17.3 ! 1.4 2.0 4.0 13.3 84! 228 19.5 14.9 5.8 8.9 
United Kingdom .......... 59.2 53.6 50.2 64.9 722! 219 40.2 40.2 31.9 30.3: 37.3 13.3 9.9 33.0 41.8 
Asia, total................. 1555 2082 1346 1716 3123 | 968.0 18019 21927 22250 22489 | -8125 -1593.7 -2058.1 -2053.4 -1936.6 
MN si ccdaunxaneecesees 3.2 1.6 5.9 6.6 51: 89 17.4 33.3 570 1788! -57 -158  -274 -504 -1737 
Taiwan ................. 11.6 16.1 9.4 11.1 264! 462 62.2 50.1 856 1257! -346 -—46.1 407 -745 -994 
HongKong .............. 7.4 11.3 14.2 17.9 17.7 | 2.9 9.2 14.5 9.1 95! 45 2.1 0.3 8.8 8.2 
India ...........22 00000. 1.6 1.0 21 2.8 6.9 | 0.1 0.1 0.0 0.1 0.4 | 15 0.9 2.0 2.7 6.5 
indonesia ............... 0.4 0.4 1.5 1.2 10! 00 0.0 0.0 0.5 01: 04 0.4 15 0.8 0.8 
— re 110.1 141.3 57.0 773 1629 | 7983 1603.1 19395 1823.7 1454.0 | -688.2 -14618 -1882.4 -1746.4 -1291.1 
Korea, Republic of ........ 10.9 23.6 28.3 27.6 48.1 | 329 37.4 50.2 40.0 295! -220 -139 -219 -124 18.6 
Malaysia ................ 3.7 3.5 2.7 48 58 | 199 27.4 486 1402 3735! -162 -240 -460 -1354 -3678 
Singapore ............... 6.7 9.5 13.5 22.4 38.4 | 589 45.2 56.4 68.8 773! -521 -357 +428 -464 -390 
South America, total ........ 8.8 6.8 9.5 15.0 203: 06 0.1 0.3 0.3 02; 82 6.7 9.2 14.7 20.1 
Argentina ............... 1.3 2.3 4.3 5.9 70; Of 0.0 0.1 0.0 0.2 | 1.2 23 42 5.9 6.8 
Brazil... 2.2... ee 6.1 3.1 3.2 6.3 9.2 | 0.5 0.1 0.1 0.3 00; 56 3.0 3.2 6.0 9.1 
MD dscddecéosdsacacuys 0.8 1.3 1.3 2.4 3.3 | 0.0 0.0 0.0 0.0 00; 08 1.3 13 2.4 3.3 
Peru 0.0... eee ee, 0.6 0.2 0.6 0.4 08; 00 0.0 0.1 0.0 00; 06 0.2 0.5 0.4 0.8 
Africa, total... 0.222. 3.1 6.0 4.1 42 75} 00 0.0 0.1 0.1 05; 3.1 6.0 4.1 41 7.0 
Kenya .................. 0.4 0.2 0.2 0.2 01; 00 0.0 0.0 0.0 00; 04 0.2 0.2 0.2 0.1 
Nigeria 9... 0.0 0.0 0.1 0.0 02; £00 0.0 0.0 0.0 00; 00 0.0 0.1 0.0 0.2 
South Africa, Republic of |... 2.8 5.8 3.9 4.0 72; 00 0.0 0.1 0.1 05; 28 5.8 3.8 3.9 6.7 
Eastern Europe, total ........ 0.3 1.2 0.3 1.0 30; 00 0.0 0.1 5.8 12; 03 1.2 0.2 4.8 1.7 
Hungary ................ 0.2 0.6 0.2 0.4 05; 00 0.0 0.0 2.1 08; 02 0.6 0.2 -1.7 0.3 
Poland.................. 0.1 0.6 0.0 0.3 03; £00 0.0 0.0 0.1 01; O41 0.6 0.0 0.2 0.2 
Russia.................. 0.0 . 0.0 0.0 0.3 22; 00 0.0 0.1 3.6 04; 00 0.0 0.0 -3.2 1.8 
All other countries .......... 116.5 134.7 142.1 163.8 149.1 | 53.0 57.0 66.8 994 1301; 636 778 75.3 64.3 18.9 


Opto-eiectronics encompasses electronic products and components that involve the emitting and/or detection of light. Examples of products included are optical scanners, optical disc players, solar cells, photo-sensitive semi- 
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U.S. trade in advanced technology products: 1990-94 


(page 5 of 12) 
Export import Balance 
Region or country 1990 1991 1992 1993 1994 1990 1991 1992 1993 1994 1990 1991 1992 1993 1994 
Millions of U.S. dollars 
Computers and telecommunications 
Tota!, allcountries .... 32,713.9 32,3516 34,648.9 36.729.7 42,9185 | 30,2678 29,3493 341435 40.1415 49.9374! 24461 3,0023 505.3 -3.4118 -7,019.0 
NAFTA partners, total ........ 5.9648 6.1300 7.0253 7.7934 91424! 29023 3.2516 3,6939 4,138.7 6,053.3! 30625 28784 33315 3,654.7 3,089.1 
Canada ................. 4.7918 49312 55514 60347 6816.7! 22425 27357 29892 32997 43868! 25493 21954 25622 27351 2429.9 
Mexico ................. 1,173.0 1.1988 14740 1,758.7 23257! 6598 5159 7047 839.1 16666! 5132 6829 7693 9196 659.2 
Europe Fcur, total .......... 9.0424 82832 83200 8.0778 92615! 1.6315 18870 22342 22532 2,878.0! 7.4108 63962 60859 58246 6383.4 
Germany, Federal Republic of . . 3.0194 28540 28928 26608 28120! 4345 5773 6816 5883 677.9! 2585.0 2.2768 22112 20725 2,134.0 
France .................. 15525 1.4272 14683 14002 1.7116! 2839 297.1 331.1 375.1 517.4! 1,268.6 1,130.1 1,137.1 1,025.1 1,194.2 
Maly .................0.. 838.9 804.0 7245 6042 636.5! 196.1 73.5 984 2046 291.0! 6428 7305 6261 3996 345.6 
United Kingdom .......... 3.6316 31980 32345 34126 41013! 7172 9392 1,123.1 10852 1,391.7! 29144 22588 21115 23274 2.7096 
Asia, total. ................ 8.3005 8,167.0 86863 9,260.1 11,198.2 | 23,7709 21,965.1 25,200.1 30,4709 37,411.6+15,470.4—13,798.2 -16,513.8-21,210.8 -26,213.4 
China .................. 239.3 236.2 4163 693.7 716.1! 1142 2937 4722 8868 1,907.0! 1252 -575 -559 -193.1 -1,190.9 
Taiwan ................. 879.8 7215 907.4 864 9 817.1! 29414 2583.1 2965.3 3,367.0 4,152.9! -2,061.6 -1,8616 -2,0579 -2502.1 -3,335.8 
Hong Kong .............. 468.6 5393 7224 895.2 1,087.0! 8911 7280 7305 8361 673.1! -4225 -1887 82 59.1 413.8 
india 2. 94.8 87.9 89.6 94.9 138.7 | 3.3 6.6 12.4 29.1 37.0! 91.5 81.2 77.3 65.8 101.7 
Indonesia ............... 91.0 85.7 164.3 104.3 74.7 | 5.1 564 2358 332.1 460.8! 86.0 293 -715 -2278 -386.1 
Japan ..... 4,374.7 43725 4,275.7 4,121.8 4,803.9 | 13,078.2 11,611.7 12,444.4 14,319.4 16,146.9' -8,703.5 -7,239.2 -8,168.7-10,197.7 -11,342.9 
Korea, Republicof ........ 852.0 8625 7936 957.1 1,5705! 1.8786 1.3753 14664 19459 2,5004!-10265 -5128 -6727 -9888 -9299 
Malaysia... sssisisi(‘(‘(‘(‘( 167.4 2223 2576 2726 4502; 3300 7561 13592 2.0526 3,140.2! -1627 -5338 -1,1016 -1,780.0 -2,690.0 
Singapore... 1,132.9 1,039.1 10595 1,255.6 1,540.1! 4529.1 45542 55139 6,701.7 8,393.3) -3,396.3 -3515.1 44545 -54462 -6,853.2 
South America, total ........ 636.0 8193 11964 14796 22098! 294 59.6 114.4 64.6 69.0' 6065 759.7 1,082.1 1415.0 2.1408 
Argentina ............... 152.6 278.1 403.7 526.9 781.6 | 5.3 7.9 31.4 27.6 32.5; 1474 2702 3723 4993 749.1 
sere 358.7 386.1 581.6 708.8 1.1062! 23.3 51.3 82.5 36.7 35.5; 3354 3347 4991 6721 1,0708 
Chile .............. 93.1 122.4 163.4 187.1 223.8 | 0.4 0.3 0.4 0.3 0.9} 92.7 1221 1629 186.8 222.9 
Peru 66... 31.5 32.7 478 56.8 98.1 | 0.4 0.0 0.1 01 0.1} 31.1 32.6 47.7 56.8 98.0 
Africa, total... 0.8... 171.7 187.0 204.7 261.8 243.8 | 1.7 0.7 2.7 1.9 1.3; 170.0 186.3 202.0 260.0 242.5 
Kenya ............00.... 46 49 3.2 45 6.0 | 0.1 0.1 1.7 0.6 0.3; 45 48 15 3.9 5.7 
Nigeria ............ re 15.7 17.7 25.7 41.6 12.9 | 0.1 0.1 0.0 0.1 0.0; 15.6 17.6 25.6 41.5 12.9 
South Africa, Republic of ... 151.4 164.4 1758 2158 224.9 | 15 0.5 0.9 1.3 1.0; 1499 1639 1749 2146 223.9 
Eastern Europe, total........ 27.9 75.7 186.8 331.0 300.1 | 0.1 0.5 1.0 1.7 8.7; 27.8 75.3 185.9 3293 291.4 
Hungary ................ 13.9 21.6 39.0 76.0 54.4 | 0.1 0.3 0.2 0.3 5.3; 13.8 21.2 38.7 75.7 49.2 
Poland............. 14.0 54.2 59.4 70.3 68.6 | 0.0 0.1 0.2 0.2 1.6) 14.0 54.1 59.2 70.1 67.0 
Russia...........000.... 0.0 0.0 88.5 184.6 177.1; 0.0 0.0 0.5 1.2 1.8; 0.0 0.0 88.0 183.5 175.2 
Ail other countries .......... 8,570.7 8,689.4 2,897.4 


9,029.2 9,526.0 10,5628: 1,931.9 2,184.7 


3,210.5 


3,515.5: 


6,638.8 65046 61319 63155 7,047.2 


Computers and telecommunications focuses on products that are able to process increased volumes of information in shorter periods of time. includes central processing units, ali computers, and some peripheral units such 
aS disk drive units and control units from the computer field. along with modems, facsimile machines and telephonic switching apparatus from the telecommunications fieid. Examples of other products included are radar appa- 
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(page 6 of 12) 
Export impot i Balance i __. 
Region or country 1990 1991 1992 1993 1994 1990 1991 1992 1993 1994 1990 1991 1992 1993 1994 
- - - Millions of U.S. dollars 
Electronics 
Totai,aiicountries ........ 75355 89256 165235 19,6483 25,769.1' 10.9553 12,391.7 15,3515 19,3770 25,8732'-3,4198 -3,466.1 1,171.9 2712 —104.1 
NAFTA partners, total ........ 1.7000 22477 3.7164 38775 52504! 13159 1695.0 20564 1809.1 19843! 3841 5527 16600 20685 3,2661 
Canada ................. 1401.1 19766 3,1375 32064 40395! 9804 13893 1.7209 ‘3593 13756: 4207 S673 14167 18472 2.6639 
DE ie asencccenceesss 299.0 271.1 5788 671.1 12109' 3355 305.7 335.6 4498 6087! -%6 -347 2433 2213 602.2 
Europe Four, total .......... 1.7872 20069 23341 27798 33998! 5973 6138 8243 1,1323 1,568.4! 11899 13930 15098 16475 18314 
Germany, Federal Republic of . . 454.3 497.4 5104 560.8 669.0' 2582 286.0 327.4 326.6 5002' 1962 2115 183.0 234.3 168.8 
Pn ciseeevcesteceeos 393.0 416.8 3903 4335 4519! 740 64.6 153.0 2666 4221: 3190 3620 2373 1669 29.8 
Tee 184.6 227.5 253.0 2098 2711! 415 33.5 446 97.1 1505! 143.1 1940 2085 1127 120.6 
United Kingdom .......... 755.2 8652 1.1804 15757 20078' 2236 2296 299.3 4420 4956! 5316 6356 881.1 1.1336 1.5122 
Asia, total........ seeueees 3.0936 36338 6394.7 10,3776 13,3836) 78685 87688 108883 144293 19,6449'-4,7749 -5,1550 -2493.6 -4,0517 -6,2613 
BED wistcsessececesece 24.0 22.7 35.1 412 412! 1.1 22 73 2 868! 229 20.5 27.9 11.0 —45.6 
DEE stavcoccosevodees 519.2 783.3 14750 16144 21262) 6265 6686 10020 14707 20105! -1073 114.7 473.0 143.7 115.6 
Hong Kong .............. 425.5 465.3 9698 11725 14370! 267.1 283.2 384.3 5706 6728! 1585 182.1 5855 6019 764.2 
shies ccccesececesecs 440 28.8 30.4 272 376! 2.0 22 3.5 40 54! 420 26.6 26.9 23.2 32.2 
DD oggeeoccocceces 19 793 17.1 31.4 41.1! 13.5 26.1 43.2 448 543! -117 -182 ~26.2 -13.4 —13.1 
Pt imikennneeeseceeses 933.5 11227 15164 18119 23834! 2,749.0 3,365.7 4,280.7 56455 7,370.7!-1,815.5 -2,243.0 -2,7643 -38336 -4,9873 
Korea, Republicof ........ 226.7 278.4 1.0218 12568 16538! 16187 1,771.7 1,988.7 25340 3,9709'-1,3920 -14933 -966.9 -12773 -2,317.1 
Malaysia ................ 363.8 302.3 1,708.3 2,1703 3,022.1) 15382 15283 19229 2.7113 3,406.7/-1,1744 -12260 -2146 -5410 -3847 
Singapore ............... 555.2 6223 1.6210 22519 26413) 10525 11408 12558 14181 20667)! -4973 -5185 3652 8338 5746 
South America, total ....... 128.7 130.1 118.6 128.7 1739! 58 5.0 5.2 49 20! 123.0 125.1 113.5 1239 171.9 
Argentina ............... 10.1 15.5 28.3 19.6 23.6 | 0.1 0.0 0.1 0.1 02: 100 15.5 28.2 19.6 23.4 
ic éébeeesscecenecees 114.1 110.3 84.1 101.0 138.0! 5.7 5.0 5.1 48 17! 1084 1053 79.1 96.2 136.3 
i Seueeeceoesseceseee 40 3.7 5.4 70 9.7! 0.0 0.0 0.0 0.0 0.0} 40 3.7 5.4 70 9.7 
 sesvecdesseuseueces 0.5 0.6 08 1.1 26! 0.0 0.0 0.0 0.0 0.1} 0.5 0.6 08 1.1 25 
DEE ccc ueccecececucs 16.4 21.5 16.3 23.0 245) 0.4 04 2.1 11 3.7 | 16.0 21.1 143 219 20.7 
0 ree 0.0 0.1 0.1 0.2 0.7} 0.4 02 2.0 0.8 03; 04 0.1 -19 0.6 04 
PE 80n0506060000000¢ 08 0.6 0.3 18 0.8} 0.0 0.0 0.0 0.0 0.0; 0.8 0.6 0.3 18 0.8 
South Africa. Republic of ... 15.6 20.8 16.0 21.1 22.9 | 0.0 02 0.1 0.4 34; 155 20.6 15.9 20.7 19.5 
Easter Europe, total........ 1.4 2.7 5.1 12.3 212) 0.5 0.0 0.9 3.6 6.1; 0.9 27 42 8.7 15.2 
Bere 0.5 1.1 0.7 3.2 42) 0.0 0.0 0.3 0.9 26) 0.5 1.0 0.3 23 15 
SNS 4 60866 00000ceesee 09 16 24 3.7 7.7} 0.5 0.0 0.5 0.9 2.1} 0.4 16 19 2.7 5.7 
recessaccescoecece 0.0 0.0 2.1 5.5 9.4) 0.0 0.0 0.1 18 1.4} 0.0 0.0 19 38 8.0 
All other countries .......... 808.1 8829 1,938.2 24493 3,515.7; 1,166.9 1,28686 15744 19969 26638! -3588 -4056 363.8 4524 851.9 


inctuded are integrated circuits, muitiayer printed circuit boards and surtace-mounted components such as capacitors and resistors. 
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Appendix table 6-1. 
U.S. trade in advanced technology products: 1990-94 


(page 7 of 12) 
Export Import _ Balance ees a 
Region or country 1990 1991 1992 1993 1994 1990 1991 1992 1993 1994 1990 1991 1992 1993 1994 
See snieati pmnerennnien 
Computer-integrated manufacturing 
Total, all countries .......... 3,095.7 3,251.4 3,4126 4,0295 5,194.8! 1,676.6 1,789.7 1.6845 2,233.1 2,891.6: 1,419.1 1,461.7 1,728.1 1,796.4 2,303.2 
i i 
NAFTA partners, total ........ 540.2 5425 617.7 6166 7915 ! 26.0 27.7 35.4 63.4 804! 5142 5147 5823 553.1 711.1 
Canada ................. 408.9 383.1 3808 4102 5777! 255 26.5 33.9 62.8 79.7' 3834 3567 3469 3474 498.1 
Mexico ................. 131.3 159.3 2369 2063 2138! 0.6 1.3 1.4 0.6 0.7: 1308 158.1 235.4 205.7 213.1 
Europe Four, total .......... 719.7 701.0 7265 807.7 9402: 3141 2984 3015 3454 3961: 4056 4026 4250 4622 5441 
Germany, Federal Republic of . . 265.1 2678 2253 2376 2547! 1715 198.7 1965 2227 2216: 936 69.1 28.7 14.9 33.1 
France.................. 139.0 164.6 1776 221.7 2680: 188 12.2 12.6 18.9 165! 1203 152.4 165.1 2028 2515 
ee 110.5 97.6 121.2 1124 1463: 29.0 25.8 27.5 35.5 63.0! 81.5 71.7 93.7 76.9 83.3 
United Kingdom .......... 205.1 171.1 2024 2360 2712: 949 61.7 64.9 68.3 95.0! 1102 109.4 1375 167.7 1762 
Asia, total................. 1.2108 1,402.0 1,366.4 1,7422 2,522.2: 1,159.0 1,301.2 1,158.7 1,572.1 2.0872: 518 1008 2077 170.2 435.1 
China .................. 60.8 89.1 107.1 153.8 177.4 | 1.1 1.1 1.2 29 3.3: 597 87.9 1058 1509 174.1 
Taiwan ................. 115.5 147.4 194.1 2543 367.7: 314 29.1 26.7 37.1 63.7: 841 1182 1674 2172 304.0 
Hong Kong .............. 35.8 42.7 60.6 87.6 107.1! 25 0.9 1.6 1.4 05: 332 41.8 59.0 86.2 106.6 
india ................... 35.6 18.1 17.4 29.9 39.1 | 0.3 0.4 0.1 0.3 09: 35.3 17.6 17.3 29.6 38.2 
indonesia ............... 43 5.4 11.8 98 8.1 0.0 0.0 0.0 0.1 0.0 : 43 5.4 11.8 9.7 8.1 
Japan .................. 593.1 661.4 4782 5449 819.0! 1,103.5 1,247.1 11065 1,504.2 1,963.1: -5105 -585.7 -6283 -959.3 -1,144.1 
Korea, Republic of ........ 208.0 2890 2945 3789 713.1: 95 11.1 9.6 16.5 413: 1985 2779 2849 3624 6718 
Malaysia ................ 57.4 54.9 756 1139 1178: 0.7 0.9 0.8 0.8 16: 56.7 54.0 749 113.1 116.3 
Singapore ............... 100.5 94.1 1272 1692 1730: 10.1 10.6 12.1 8.7 128: 90.4 83.5 115.1 1605 160.1 
South America, total ........ 46.6 46.9 43.2 69.0 78.2 | 0.6 2.2 1.3 3.6 75: 46.0 44.6 41.9 65.3 70.6 
Argentina ............... 46 8.7 11.2 17.1 27.4 ! 0.0 0.0 0.1 0.1 0.0 ! 46 8.6 11.1 16.9 27.4 
Brazil................... 33.0 29.1 23.3 37.0 34.4 0.5 2.2 1.2 3.5 75: 325 26.9 22.1 33.5 26.8 
Chile ................... 75 6.8 7.3 12.0 12.8 : 0.0 0.0 0.0 0.0 0.0 : 75 6.8 7.3 12.0 12.8 
Peru ................... 1.4 23 1.4 29 3.6 | 0.0 0.0 0.0 0.0 0.0 : 1.4 2.3 1.4 2.9 3.6 
Africa, total................ 13.2 18.8 14.5 13.4 14.3 | 0.0 0.1 0.0 0.0 0.0: 13.2 18.7 14.5 13.4 14.3 
Kenya .................. 0.3 0.8 0.5 0.2 0.8 | 0.0 0.0 0.0 0.0 0.0 : 0.3 0.8 0.5 0.2 0.8 
Nigeria ................. 0.7 1.6 1.9 1.1 23 | 0.0 0.0 0.0 0.0 0.0 | 0.7 1.6 1.9 1.1 2.3 
South Africa, Republic of . . . 12.2 16.4 12.2 12.1 11.2; 0.0 0.1 0.0 0.0 0.0: 122 16.4 12.2 12.1 11.2 
Eastern Europe, total........ 2.9 3.3 5.9 24.6 45.2 | 15 1.0 0.9 28 3.2 | 15 2.3 5.0 21.8 42.0 
Hungary ................ 0.8 1.4 0.7 1.8 4.9 | 1.1 0.8 0.3 1.6 25: 03 0.7 0.4 0.2 2.4 
Poland.................. 2.2 1.9 25 2.4 2.4 | 0.4 0.3 0.2 1.0 0.6 | 1.8 1.6 23 1.4 1.8 
Russia .................. 0.0 0.0 26 20.5 38.0 | 0.0 0.0 0.3 0.3 0.1 | 0.0 0.0 2.3 20.2 37.8 
All other countries .......... 562.3 537.1 638.5 756.1 803.2: 1754 159.1 1868 2458 3172: 3869 3780 4518 5104 4860 


Computer-integrated manufacturing encompasses advances in robotics, numerically controlled machine tools, and similar products involving industrial automation that allow for greater flexibility in the manufacturing process 


and reduce the amount of human intervention. Includes robots, numerically controlled machine tools, and semiconductor production and assembly machines. 
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U.S. trade in advanced technology products: 1990-94 ¢ 

(page 8 of 12) : 

Qo 

Region or country 1990 1991 1992 1993 1994 1999 1991 1992 1993 1994 1990 1991 1992 1993 1994 S 

Millions of U.S. dollars g 

Maierial design : 

Total, alicountries .......... 6,403.0 6,226.1 598.6 736.1 869.5 | 1,045.4 1,051.5 4016 5064 637.0 '5,357.6 5,174.7 197.0 2297 2324 é 

! i 
+ i 

NAFTA partners, total ........ 976.6 975.3 121.9 121.7 1778! 63.4 74.3 36.4 35.9 408 !' 9132 901.0 85.5 85.8 137.0 . 

Canada ................. 800.0 777.2 91.7 86.2 1248: 424 58.5 36.1 33.7 39.1! 7576 718.7 55.7 52.4 85.7 = 

Mexico ........... ..... 176.6 198.1 30.1 35.6 53.1! 21.0 15.8 0.3 2.2 17: 1556 1823 29.9 33.4 51.3 $ 
Europe Four, total .......... 303.9 302.0 105.5 110.0 136.8! 2271 1528 92.9 112.6 1206! 768 1492 12.6 -2.6 16.2 
Germany, Federal Republic of . . 75.6 52.9 34.3 31.7 36.5! 645 52.1 79.2 92.1 914: 11.1 0.9 448 -604 -549 
France.................. 69.7 82.4 23.5 22.9 37.1! 1165 63.9 43 4.1 95 |! 468 18.5 19.2 18.9 27.7 
re 46.5 53.8 13.7 17.2 19.2 | 1.5 1.3 28 10.6 105! 449 52.5 10.9 6.6 8.7 
United Kingdom .......... 112.1 112.9 34.0 38.2 43.9'! 446 35.6 6.7 5.8 92! 675 77.4 27.3 32.4 34.7 
Asia, total. ................ 3,963.9 3,856.3 249.5 3512 3840: 6148 6366 254.1 333.0 443.1 '33492 3.2196 4.6 182 -59.2 
China .................. 8.4 4.2 19.8 25.0 33.4 | 0.7 0.5 0.8 6.1 47 ! 78 3.7 19.0 19.0 28.7 
Taiwan ................. 405.3 389.0 33.2 34.4 39.0: 345 68.5 75 8.8 10.8! 3708 3205 25.7 25.7 28.2 
Hong Kong .............. 339.0 307.4 5.4 10.9 155: 105 8.0 23 2.3 24! 3285 2993 3.1 8.6 13.0 
India ................... 1.9 1.5 0.6 1.4 2.0 | 29 2.3 0.0 0.1 02: +09 0.8 0.6 1.3 1.8 
Indonesia ............... 12.2 6.5 0.1 0.7 1.0 | 0.3 0.1 0.0 0.0 0.0: 11.9 6.5 0.1 0.7 1.0 
Japan .........000.0.... 437.1 498.4 130.0 1895 209.1! 4820 4618 195.3 2407 3375! -449 36.7 653 -512 -128.4 
Korea, Republic of ........ 773.5 630.1 53.7 66.4 513; 43.0 34.4 48 9.1 15.1 | 730.5 595.7 48.8 57.3 36.2 
Malaysia ................ 1,326.0 1,329.1 1.1 1.9 41: 16.1 17.4 34.4 61.0 66.0 | 1,310.0 1,311.7 -33.2 -590 -619 
Singapore ............... 660.5 690.1 5.7 20.9 285: 249 43.7 9.1 5.0 64! 6356 6465 ~3.4 15.9 22.1 
South America, total ........ 15.3 9.7 16.8 30.1 21.6 | 1.9 1.4 1.2 0.3 0.1; 13.4 8.3 15.6 29.8 21.5 
Argentina ............... 2.0 1.9 5.2 16.4 7.9 | 0.0 0.0 0.0 0.0 0.0 ! 2.0 1.9 5.2 16.4 7.9 
Brazil... 2.2.00... 12.9 7.2 6.6 8.4 7.9 } 1.9 1.4 1.2 0.3 0.1! 10.9 5.8 5.4 8.2 78 
Chile ................... 0.3 0.5 4.7 5.2 4.9 | 0.0 0.0 0.0 0.0 0.0 | 0.3 0.5 4.7 5.2 4.9 
Peru ................... 0.2 0.2 0.3 0.0 1.0 | 0.0 0.0 0.0 0.0 0.0 } 0.2 0.2 0.3 0.0 1.0 
Africa, total... ............. 1.3 1.3 0.6 1.7 2.3 | 0.2 0.0 0.0 0.1 0.0 | 1.2 1.3 0.6 1.6 23 
Kenya ...............0.. 0.1 0.0 0.0 0.0 0.0 | 0.2 0.0 0.0 0.1 0.0; -0.1 0.0 0.0 0.0 0.0 
Nigeria ................. 0.0 0.0 0.0 0.1 0.0 | 0.0 0.0 0.0 0.0 0.0 | 0.0 0.0 0.0 0.1 0.0 
South Africa, Republic of ... 1.2 1.3 0.6 1.5 2.2 | 0.0 0.0 0.0 0.0 0.0 | 1.2 1.3 0.6 1.5 2.2 
Eastern Europe, total........ 0.1 0.1 3.6 9.2 5.2 | 0.3 0.5 0.1 0.2 06; 02 0.3 3.5 9.1 45 
Hungary ................ 0.1 0.1 0.1 0.0 0.0 | 0.1 0.0 0.0 0.0 0.0 | 0.0 0.1 0.1 0.0 0.0 
ES ont tka be 000 0.0 0.1 3.5 9.0 4.2 | 0.2 0.5 0.1 0.1 01; 02 0.4 3.4 9.0 4.1 
Russia.................. 0.0 0.0 0.0 0.2 1.0 | 0.0 0.0 0.1 0.1 0.6 | 0.0 0.0 0.0 0.1 0.4 
All other countries .......... 141.9 | 185.9 16.8 24.4 31.8 | 1,004.1 895.5 84.0 87.9 110.1 


Material design encompasses recent advances in the development of materials that allow for further development and application of other advanced technologies. Examples are semiconductor materials, optical fiber cable and 


1,141.9 


1,081.3 


100.8 


112.2 


137.7 
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Appendix table 6-1. 
U.S. trade in advanced technology products: 1990-94 


(page 9 of 12) 
Export Import Balance 
Region or country 1990 1991 1992 1993 1994 1999 1991 1992 1993 1994 1990 1991 1992 1993 1994 
Millions of U.S. dollars 
Aerospace 

Total, all countries ......... 36,972.7 41,9045 42,445.5 37,435.6 34,974.4 '10,713.8 12,106.0 12,687.1 11,553.1 11,416.6'!26,258.9 29,7985 29,7584 25,882.5 23,557.8 
NAFTA partners, total......... 2,464.8 26127 2,856.0 2,113.5 2,240.2! 24140 2,575.0 2.3369 20415 23531' 508 37.8 519.1 720 -112.9 
Canada................. 2,082.0 2,111.5 2,082.7 1,688.5 1,635.0 ' 2,363.8 25261 2,291.1 2,0016 23174! -2818 -4146 -2084 -313.1 -6824 
Mexico ................. 382.7 501.2 773.3 4250 6052: 502 48.9 45.8 39.9 35.7! 3326 4523 7275 385.1 569.5 
Europe Four, total .......... 11,446.6 13,012.7 11,488.7 9,100.7 8919.9 | 59818 6,727.5 7,642.7 7,129.7 6907.7! 54648 62852 3846.0 1,971.0 2,012.2 
Germany, Federal Republic of . . 2,711.7 3,850.6 2,991.2 1,752.1 15405! 519.7 470.7 517.4 4516 6206! 2,192.1 33799 2.4738 13006 920.0 
France.................. 3,209.4 4,255.8 3,849.0 32955 28442! 27027 34209 4,0936 3,981.7 3,657.1' 5067 8350 -2446 -6862 -813.0 
eee 715.4 1,031.8 1,191.9 538.7 990.7: 3633 582.1 510.7 3588 2732! 3520 4497 6812 1800 #7175 
United Kingdom .......... 4,810.1 38744 3.4566 3,5144 3,544.4! 2,396.1 2253.9 2,521.0 23376 23568! 24140 16206 9356 1,176.7 1,187.7 
Asia,total................. 8,960.1 10,704.4 12,329.1 14,1846 13,141.1! 678.0 863.5 8556 8468 903.2! 8.2821 9,840.9 11,4735 13,337.9 12,237.9 
China .................. 801.1 1,205.2 20768 2,2675 19492: 217 25.6 29.6 62.3 40.2! 779.4 1,179.6 2,047.2 2,205.1 1,909.0 
Taiwan ................. 728.4 1,315.1 1,366.2 2,143.9 1,7763! 43 10.4 5.9 18.4 196! 724.1 1,304.7 1,360.3 2.1255 1,756.7 
HongKong .............. 564.9 749.9 648.0 557.7 4065! 6.3 0.9 2.3 1.5 10.7' 5586 749.0 645.7 5562 3958 
India ................... 27.0 20.3 19.2 495.0 2013! 0.4 2.9 0.7 0.5 0.8: 266 17.4 185 4945 2005 
Indonesia ............... 406.9 1203 4458 772.7 451.1! 0.9 6.6 25 3.0 6.1! 406.0 113.7 4433 7698 445.0 
Japan ...... 0... cee 4,080.3 3,750.4 43669 3,482.8 38849! 4873 6145 575.3 501.9 555.8! 3593.1 3,135.9 3,791.6 2,981.0 3,329.1 
Korea, Republic of ........ 1,126.1 1,662.9 1,687.2 1.5728 1.7426! 101.1 117.1 127.8 117.7 89.6! 1,025.0 1,545.8 1,559.4 1,455.1 1,653.0 
Malaysia ................ 439.0 661.2 8183 11,5075 9776! 0.0 0.5 1.5 0.7 1.1! 438.9 6607 8168 15068 9766 
Singapore ............... 786.6 1.2192 900.7 1,384.7 1,751.7! 56.1 85.0 110.0 140.9 179.3! 7305 1,134.1 790.7 1,243.8 1,572.3 
South America, total ........ 1,181.2 1,614.1 1,489.1 859.0 3879} 3202 #£171.0 111.3 111.6 69.2! 861.0 1,443.0 13778 7474 3187 
Argentina ............... 98.2 543 273.4 206.5 97.6 |} 0.1 0.1 0.6 0.5 0.7; 98.1 54.2 2728 206.0 96.8 
Brazil................... 889.1 1,393.7 990.9 593.4 2364} 3200 #1707 110.5 110.8 68.2: 569.1 1,223.0 8804 4826 168.3 
Chile ................... 168.3 146.2 2125 47.4 47.4 | 0.0 0.2 0.1 0.3 0.2; 168.3 146.0 2124 47.2 47.2 
Peru ....... 0... eee. 25.6 19.9 12.3 11.7 6.6 | 0.0 0.0 0.1 0.1 0.1; 256 19.9 12.2 11.6 6.5 
Africa, total... ......0...... 230.3 423.5 292.2 337.9 139.2 | 0.2 0.1 1.8 1.6 0.9; 230.1 423.4 290.4 3363 138.3 
Kenya .................. 58 6.0 8.2 9.2 9.2 | 0.1 0.1 0.3 0.2 0.1 | 5.7 6.0 7.9 9.0 9.1 
Nigeria ................. 38.9 10.8 5.0 5.4 14.1 | 0.0 0.0 0.0 0.2 01; 389 10.8 5.0 5.2 14.0 
South Africa, Republic of .. . 185.5 406.7 278.9 323.3 116.0 | 0.1 0.0 1.5 1.3 0.8; 1855 406.7 2775 322.1 115.2 
Eastern Europe, total. ....... 90.0 100.8 2263 330.9 4576 | 4.2 2.7 2.7 12.8 13.9; 858 98.1 223.5 318.1 443.7 
Hungary ................ 3.0 92.3 87.2 160.1 34.9 | 0.0 0.0 0.4 0.0 0.1; 3.0 92.3 86.8 160.1 34.8 
Poland.................. 87.0 8.5 119.5 154.3 79.9 | 4.2 2.7 2.2 1.9 43; 828 5.8 1173 1524 75.6 
Russia.................. 0.0 0.0 19.6 16.5 3427, 0.0 0.0 0.1 10.8 9.5; 0.0 0.0 19.5 56 333.2 
| 1,315.5 1,766.2 1,736.2 1,409.2 1,168.6:11,284.2 11,670.2 12,0281 9,099.9 8,520.0 


All other countries .......... 12,599.7 13,436.5 13,764.3 10,509.0 9,688.5 


Aerospace encompasses most new military and civil helicopters, airplanes, and spacecraft (with the exception of communications satellites that are included under computers and telecommunications). Other products included 
are turbojet aircraft engines, flight simulators, and automatic pilots. 
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Appendix table 6-1. 
U.S. trade in advanced technology products: 1990-94 
(page 10 of 12) : 
Qe 
Export import ro Balance m 
Region or country 1990 1991 1992 1993 1994 1990 1991 1992 1993 1994 1990 1991 1992 1993 1994 3 
—— —— ——— ——-— Millions of U.S. dollars 3 
Weapons é 
Total, alicountries .......... 687.9 851.7 784.1 740.1 7342 ' 1299 1678 156.9 162.9 145.7 | 558.0 683.9 627.2 577.2 588.5 5 
NAFTA partners, total ........ 86.9 99.5 74.0 105.8 134.7 | 29.4 33.2 40.2 19.5 96 | 576 66.3 33.8 86.4 125.1 3 
Canada ................. 79.3 90.1 61.0 92.6 1224 ! 29.0 27.1 25.1 11.7 77 | 504 63.1 35.9 80.9 114.7 =e 
Mexico ................. 7.6 9.3 12.9 13.3 12.3 ! 0.4 6.1 15.0 78 19 ! 72 3.2 -2.1 5.5 10.4 $ 
Europe Four, total .......... 174.7 187.4 193.7 174.5 160.0 | 61.4 76.0 62.3 90.5 72.0 | 113.3 111.3 131.4 84.0 87.9 
Germany, Federal Republic of . . 44.0 55.3 52.7 45.6 497 | 204 19.3 76 11.7 163 ' 23.6 36.1 45.1 33.9 33.4 
Rs carxecevaseseceeve 38.9 35.6 38.5 22.6 28.5 | 2.0 13.5 25.2 0.7 00 | 339 22.1 13.2 22.0 28.4 
Fe ee 21.9 21.6 26.6 22.7 13.6 | 4.0 08 0.7 05 08 : 179 20.8 25.9 22.2 12.9 
United Kingdom .......... 69.8 74.8 75.9 83.6 682 | 349 42.5 28.8 77.7 5449 | 349 32.3 47.1 5.9 13.2 
Asia, total ................. 198.1 241.1 199.0 220.6 205.1! 6.5 8.4 8.1 10.9 13.2 ! 191.5 232.7 190.9 209.7 191.9 
China .................. 12.9 22.7 18.7 23.9 20.0 ! 0.9 08 1.4 3.4 22 ! 12.1 21.9 17.3 20.5 178 
Taiwan ................. 11.5 18.0 21.2 16.5 15.6 | 1.6 1.9 1.2 1.2 16 |! 10.0 16.1 19.9 15.3 14.0 
Hong Kong .............. 43 11.4 11.6 7.3 74°! 0.1 0.1 0.1 0.2 0.0 '! 42 11.4 11.5 7.2 7.4 
0 eee 7.7 6.0 5.4 48 8.7 | 0.0 0.0 0.0 0.0 0.0 | 7.7 6.0 5.4 48 8.7 
Indonesia ............... 1.3 48 6.2 5.9 3.6 | 0.0 0.0 0.0 0.0 0.0 | 1.3 48 6.2 5.9 3.6 
Japan .................. 91.5 100.6 87.1 109.8 101.5 | 2.2 26 2.7 3.4 49 | 89.3 98.0 84.5 106.4 96.6 
Korea, Republicof ........ 40.7 38.3 26.8 23.4 176 ! 1.4 28 2.4 2.7 37 ' 393 35.5 24.3 20.6 13.9 
Malaysia ................ 4.7 2.9 2.4 3.8 29 | 0.0 0.0 0.0 0.0 0.0 | 47 2.9 2.4 3.8 2.9 
Singapore ............... 23.5 36.4 19.7 25.2 27.9 ! 0.4 0.2 0.3 0.0 08 ' 23.1 36.1 19.4 25.2 27.1 
South America, total ........ 14.2 15.3 14.9 10.6 12.2 ! 2.0 0.2 0.1 0.1 06 ' 122 15.1 14.8 10.5 11.6 
Argentina ............... 1.6 49 43 2.9 3.0 ! 0.0 0.0 0.0 0.1 05 | 1.6 49 43 28 2.6 
Brazil... ... 2222.2, 9.7 7.4 7.0 5.5 48 ! 0.0 0.0 0.0 0.0 0.1 | 9.7 7.4 7.0 5.4 47 
Chile .............0..... 2.2 2.5 3.4 1.5 41! 0.0 0.0 0.0 0.0 0.0 | 2.2 2.5 3.4 1.5 4.1 
Peru ................... 0.6 0.5 0.1 0.7 02 ! 2.0 0.2 0.0 0.0 00 : -14 0.3 0.1 0.7 0.2 
Africa, total... 2.222000... 9.2 10.8 8.7 3.6 6.0 | 0.0 0.0 0.1 0.2 0.71 | 9.2 10.8 8.6 3.4 5.9 
Kenya .................. 0.1 0.2 0.3 0.1 0.2 ! 0.0 0.0 0.0 0.0 0.0 | 0.1 0.2 0.3 0.1 0.2 
TL 204 onhoendeeeeees 7.9 8.0 6.5 1.9 1.0 | 0.0 0.0 0.0 0.0 0.0 | 7.9 8.0 6.5 1.9 1.0 
South Africa, Republic of _.. 1.3 2.6 1.9 1.5 48 | 0.0 0.0 0.1 0.2 0.1 | 1.3 2.6 18 1.3 4.7 
Eastern Europe, total........ 0.5 1.2 3.3 45 42! 0.0 0.0 0.1 1.3 1.7! 0.5 1.2 3.2 3.2 2.5 
Hungary ................ 0.1 0.5 0.4 0.2 0.2 | 0.0 0.0 0.0 0.0 00 | 0.1 0.5 0.4 0.2 0.2 
Poland.................. 0.4 0.7 1.7 0.4 0.7 |: 0.0 0.0 0.0 0.0 0.0 | 0.4 0.7 1.7 0.4 0.7 
Russia...... 22... ....... 0.0 0.0 1.2 3.9 3.3! 0.0 0.0 0.1 1.3 16 | 0.0 0.0 1.1 2.6 1.7 
All other countries .......... 204.4 296.5 290.7 220.5 212.0 ' 30.7 49.9 46.1 40.5 485 ‘| 173.7 246.6 244.6 180.0 163.6 
Weapons primarily encompasses products with military applications. Includes such products as guided missiles and parts, bombs, torpedoes, mines, missile and rocket launchers and some firearms. 
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Appendix table 6-1. 
U.S. trade in advanced technology products: 1990—94 


(page 11 of 12) 
Export import Balance 
Region or country 1990 1991 1992 1993 1994 1990 1991 1992 1993 1994 1990 1991 1992 1993 1994 
Millions of U.S. dollars 
Nuclear technology 
Total, all countries =. 1.2605 13042 15024 13760 15591 '! 45 3.0 5.2 8.0 227 ' 1,256.0 1301.1 1.4972 13680 15363 
NAFTA partners, total ....... 27.0 37.7 43.1 275 555 | 02 03 02 0.1 02: 269 37.3 429 27.4 55.3 
Canada................. 24.9 28.3 24.3 218 463 ' 02 03 02 0.1 02: 247 27.9 24.1 21.7 46.1 
Mexico... ssssssiw‘ié#‘a‘((#‘n 21 94 18.8 57 92 ' 00 0.0 0.0 0.0 00: 21 94 188 57 92 
Europe Four, total ......... 207.7 2384 2664 2528 3138 : O5 0.9 28 3.0 09: 2072 2376 2637 2499 3130 
Germany, Federal Republic of . . 128.4 1410 1380 1896 1928 ' 01 08 0.0 1.1 02: 1283 1402 1380 1886 1926 
France.................. 29.4 30.4 65.7 242 657 + 02 0.0 22 19 05: 292 30.4 63.5 22.4 65.2 
italy... 98 10.3 96 8.4 81 ' 00 0.0 0.0 0.0 02: 98 10.3 96 84 79 
United Kingdom .......... 40.2 56.7 53.2 30.6 473: 02 0.1 06 0.0 00: 399 56.6 526 30.6 47.3 
Asia. total................. 930.4 932.7 10795 9988 10690 : 18 14 22 44 24: 9285 9313 10773 9943 1.0666 
China .................. 35 56 42 3.2 28 ' 00 0.0 0.0 0.0 00: 35 56 42 3.2 28 
Taiwan... ssssisi‘(‘(‘(#(N! 82.8 292 1698 440 1206 : 00 0.0 0.0 0.0 00: 828 292 1698 440 1206 
HongKong .............. 1.1 13 21 25 37 : 00 0.0 0.0 0.0 0.0 : 11 13 21 25 3.7 
india .................. 25 19 23 25 19 + 00 0.0 0.0 0.0 00: 25 19 23 25 19 
indonesia ............... 0.7 08 17 1.2 06 : 00 0.0 0.0 0.0 00: 07 08 1.7 12 06 
Japan .................. 728.2 8140 8136 8279 8542 : 18 14 22 44 24: 7263 8126 8114 8236 8518 
Korea, Republicof ........ 110.8 78.0 83.2 1153 819 + 00 0.0 0.0 0.0 00: 1108 78.0 83.2 1153 81.9 
Malaysia ................ 04 0.7 0.7 13 07 + 00 0.0 0.0 0.0 00: 04 07 0.7 13 0.7 
Singapore isi(‘(‘(‘(‘i‘(‘(;:;S 0.4 12 21 0.9 28 +: 00 0.0 0.0 0.0 00: 04 12 21 0.9 28 
South America, total _....... 50 40 36 55 58 + 00 0.0 0.0 0.0 00: 50 4.0 36 55 58 
Argentina 05 06 08 26 11: 00 0.0 0.0 0.0 00: Os 06 08 26 11 
Brazil. en, 3.9 26 25 22 44: 00 00 0.0 0.0 00: 39 26 2.5 2.2 44 
Chile .................. 05 08 02 06 03 : 00 0.0 0.0 0.0 00: Os 08 0.2 06 03 
Peu sti‘ 0.1 0.0 0.1 0.1 00 : 00 0.0 0.0 0.0 00: 1 0.0 0.1 0.1 0.0 
Africa, total................ 06 0.9 0.7 08 06 : 00 0.0 0.0 0.0 00: 06 0.9 0.7 08 06 
Kenya... 0.0 0.0 0.0 0.0 00 : 00 0.0 0.0 0.0 00: 00 0.0 0.0 0.0 0.0 
Nigeria ................. 0.0 0.0 0.2 0.0 00 : oO 0.0 0.0 0.0 00: 00 0.0 0.2 0.0 0.0 
South Africa, Republic of _ . 06 08 0.5 08 06 : 00 0.0 0.0 0.0 00: 06 08 05 08 06 
Eastern Europe, total... 7 0.4 1.4 27 40 : 00 0.0 0.0 0.0 178: 06 0.4 14 27 -138 
Hungary ................ 0.3 0.3 06 05 05 : 00 0.0 0.0 0.0 00: 02 03 06 05 05 
Poland ssi ss—s—sss 0.4 0.2 02 1.4 05 : 00 0.0 0.0 0.0 00: 04 0.2 0.2 14 05 
Russia.................. 0.0 0.0 06 0.9 30 : 00 0.0 0.0 0.0 178: 00 0.0 06 09 -148 
All other countries .......... 89.1 90.0 107.7 879 1103 : 20 0.4 0.1 05 15: 87.1 896 1076 874 1088 


Nuclear technology encompasses nuclear power production apparatus including nuclear reactors and parts, isotopic separation equipment, and fuel cartndges Nuclear medical apparatus is included under life science 
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Appendix table 6-1. 
U.S. trade in advanced technology products: 1990-94 
(page 12 of 12) ' 
m® 
Region or country 1990 «©1991 1992 1993 1994 1990 1991 1992 1993 1994 1990 1991 1992 1993 1994 é 
- Millions of U.S. dollars H 
Software’ 6 
Total, alicountries .......... 1,328.1 1,625.2 2,050.0 25261 3,030.7 : 1574 1960 2941 3621 4358 :1,1708 14292 1.7559 2.1641 25949 . 
NAFTA partners, total ........ 454 8 5227 6156 7388 9305 58.4 724 1120 1135 1204 3965 4503 5036 6253 8101 3 
Canada................. 437.8 4976 5770 6796 8269 : 559 685 1085 1082 1171: 3819 429.1 4685 5714 7098 = 
Mexico ................. 17.0 25.1 38.6 592 1036: 25 39 35 53 32: 145 21.2 35.1 539 1004 $ 
Europe Four, total .......... 347.8 4005 5365 6266 6666 | 297 37.9 56.2 68.1 706: 3181 3625 4803 5585 5960 
Germany, Federal Republic of 110.3 1420 2142 2601 2559: 87 12.2 219 16.5 233: 1016 1298 1923 2435 2326 
France.................. 61.7 73.7 89.0 97 115: 74 53 6.7 13.6 135: 544 68.4 82.3 82.1 98.0 
Waly 0.0 eee ee 35.5 30.0 38.5 38.7 505 : 10 06 12 ‘8 29: 345 29.4 37.2 36.9 475 
United Kingdom .......... 140.3 1548 1948 2322 2488 ' 127 19.8 26.4 36.2 309: 1277 1349 1685 1960 2179 
Asia.total.... =. stststststistiwty 246.8 3003 3609 4744 5630 : 424 60.0 77.0 88.1 1245: 2044 2404 2839 3863 4384 
China .................. 69 7.0 17.2 30.1 30.0: 02 0.6 48 9.0 6.2 | 6.7 63 12.4 21.1 23.8 
Taiwan ................. 20.2 22.9 40.8 52.0 491: 59 10.7 13.6 14.6 132: 143 12.2 27.1 37.4 35.9 
Hong Kong .............. 16.5 25.3 30.9 42.8 494: 15 24 91 2.0 25: 15.0 22.9 218 40.7 46.9 
India ...............00-. 55 47 65 65 93: 07 0.7 0.7 24 48 : 48 4.0 58 4.0 45 
indonesia ............... 22 2.1 2.0 26 15: 00 0.0 0.0 0.0 08 : 22 21 2.0 25 0.7 
Japan... eee 142.1 170.4 178.1 2049 2610 : 222 31.3 28.7 25.6 260: 1199 139.1 149.4 1793 2350 
Korea, Republic ot ........ 25.1 32.6 38.3 64.7 863: 22 26 2.0 2.1 11: 229 30.0 36.3 62.6 85.2 
Malaysia ................ 2.0 45 54 10.7 132: 0.1 0.1 0.1 02 0.1: 2.0 44 52 10.5 13.1 
Singapore ............... 26.3 30.9 418 60.3 632 : 97 11.7 17.9 32.2 698: 166 19.3 23.9 28.1 4.6 
South America, total ........ 14.3 35.8 49.1 915 1289: 02 0.1 0.1 0.9 78: 14.1 35.8 49.0 906 121.1 
Argentina ............... 1.9 18.1 17.5 345 372 : 00 0.0 0.0 0.8 75 3 19 18.1 175 33.7 29.7 
Brazil ts 9.0 12.1 23.7 46.3 738 : 00 0.0 0.1 0.0 02: 90 12.1 23.6 46.3 78.6 
Chile... 0.2.0... 0 eee 3.0 51 72 9.1 93: 02 0.0 0.0 0.0 0.1: 28 5.1 7.1 9.0 9.2 
Pew .............00000. 0.4 0.6 0.7 16 36: 00 0.0 0.0 0.0 0.0 | 0.4 06 0.7 16 3.6 
Africa, total... 0... 2.0... 1.1 17.7 24.0 37.4 527: 0.1 0.1 0.0 0.3 0.1 | 1.0 176 24..° 37.2 52.7 
Kenya... 0.20... cece. 0.1 0.1 0.1 06 03: 00 0.0 0.0 0.0 0.0 ; 0.1 0.1 0.1 06 0.3 
Nigeria ................. 05 1.1 06 09 10: 00 0.1 0.0 0.0 0.0 ; 05 1.1 06 09 1.0 
South Africa, Repubiic of 05 16.5 23.4 36.0 514: 01 0.0 0.0 0.2 0.1 | 0.4 16.5 23.3 35.7 51.4 
Easter Europe, total........ 3.3 76 17.3 24.4 352: 00 0.1 0.2 0.4 1.0; 3.3 75 17.1 24.1 34.2 
Hungary ................ 25 43 93 95 79; 00 0.0 0.1 0.2 06: 25 42 92 9.3 73 
Poland.................. 0.8 3.3 6.0 74 108 | 00 0.0 0.0 0.2 03; 08 33 6.0 7.3 10.5 
Russia.................. 0.0 0.0 2.0 75 165; 00 0.0 0.0 0.0 0.0 ; 0.0 0.0 2.0 75 16.5 
All other countries .......... 260.0 3406 4466 5330 6538 | 266 255 48.6 909 1114; 2334 315.1 308.0 4421 5424 


NAFTA = North Amencan Free Trade Agreement 
NOTE: Regional totais represent the surn of countries shown in table. 


‘US trade in software products is not a separate ATP category but is included in the ATP category covering computers & telecommunications products (see appendix table 6-1, page 5 of 12). This table showing U S trade in 
software products was broken out from that category in order to better examine U S_ trade in this important new technology area. 


SOURCE: Census Bureau, U.S. Department of Commerce, unpublished tabluations. 
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Appendix table 6-2. 

U.S. receipts and payments of royalties and fees associated 

with affiliated and unaffiliated foreign residents: 1987-33 

Foreign residents 
Total Affiliated Unaffiliated 
Millions of dollars 

Receipts 
1987........... 9.914 7,629 2.285 
1988. ..... _— 11,802 9,156 2.646 
1989........... 13,064 10,207 2,857 
1990........... 16,634 13,251 3,384 
1991........... 18,107 14,395 3,712 
19992........ - 19.922 15,927 3,994 
1993...... — 20,398 15,974 4,424 

Payments 
1987........ , 1.844 1,296 547 
1988.......... 2,585 1,410 1,175 
19989........... 2,602 1,778 824 
1990........... 3,135 2,206 929 
1991. .......... 4,076 2.996 1,080 
1992........... 4,987 3,259 1,728 
1993..... enue 4.840 3,479 1,360 

Balance 
1987 .......... 8,070 6,333 1,738 
1988... - 9.217 7,746 1,471 
1989......... 10,462 8,429 2,033 
19990 .......... 13,499 11,045 2,455 
1991.........., 14,031 11,399 2,632 
1992......... 14,935 12,668 2.266 
1993....... _ 15,558 12,495 3,064 


SOURCE: Bureau of Economic Anatysis. Survey of Current Business, Vol 74, No. 9 (Sept 
1 ae 
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Appendix table 6-3. 
U.S. receipts and payments of royalties and license fees generated from the exchange and use of industrial processes 
with unaffijiated foreign residents, by region/country: 1987-93 


Region/country Receipts Payments 


1987 1988 1989 1990 1991 1992 1993 1987 1988 1989 1990 1991 1992 1993 1987 


Millions of U.S. dollars —_—— 
459 525 612 665 796 845 1,036 : 1,219 


Allcountries..... ss... 1,678 1,962 2.051 2,333 2.434 2527 2.755 ! 
Canada.................. 87 60 62 79 ~=«62 47 43 9 11 8 16 11 10 Q: 78 
Furope .................. 446 517 530 630 575 637 615 : 320 355 433 482 637 662 801: 126 
European Community... . . 353 410 378 500 475 499 484 | 248 279 342 360 426 413 470: 105 
France................. 73 82 52 78 91 64 92: 33 37. —s«51 54 73 D 97: 40 
Germany’.............. 79 73 77 107 97 108 «697: 100 112 137 133 182 125 149: -21 
Italy... 2.2... eee eee. 57 73 «68 «#6105 «6700 99 BB! 5 20 22 29 #=34 «24 18: 32 
United Kingdom ......... 60 67 81 91 106 103 113: 72 90 102 111 106 122 129: -12 
Allother................ 93 107 152 130 100 138 131: 72 76 «91 «69122 «211 249) 331: 
South and Central America 64 48 54 59 85 #£«73 D 5 ° . ° 1 D ! 59 
Brazil................... 19 7 14 8 8 6 7: * : . ; . ; 2: 19 
Mexico ................. 14 13 18 23. «31 2 29: 3 . . ° . 1 1 11 
Allother................. 31 28 22 28 46 ~ 38 D: 2 NA NA NA 1 D D: 29 
Africa...............-2--. D 22 24 ##22 34 #+2 35 ! ° 4 ‘ 0 ° . ° ! 0 
Middie East.............. D 18 17 22 2 21 33 ! 2 3 4 3 4 5 7: -2 
Asia and the Pacific........ 936 1,185 1,248 1,465 1,638 1,705 1,932 ! 95 112 120 160 140 152 203 : 841 
Hong Kong.............. 4 6 7 6 6 1012: 4 . . . ° 2: 3 
India .............----e. 18 40 26 ~—s 2 14 34 Di ° ° . . . . *) 18 
indonesia ............... 5 5 8 11 20 13 18: O ° 0 0 0 ° Oo: § 
Japan .................. 723 883 «897 1,028 1.219 1,268 1392: 88 108 109 141 138 145 194: 635 
eee . 2 2 2 7 1%: 0 0 0 0 0 0 “1 NA 
The Philippines... ....... 3 4 4 4 2 3 2: 0 ° 1 0 0 ° 1: 3 
Singapore............... 30 13 8 19 21 20 20 | . 0 0 0 . D 2: 30 
South Korea............. 34 107 167 249 225 220 287: * . D D ° 1 4: 34 
Taiwan ..............  2t 46 34 5 57 42 40: * . D 1 , 2 46: 21 
Allother................. 98 81 95 70 72 ~ #87 D: 6 4 10 D 2 D D: 92 
Allother................-. 145 112 116 £56 15 17 D 28 «64002—Clss«47 7 58 D NA | 117 


1,439 1,668 1,638 1,682 1719 


* = less than $500,000; D = withheld to avoid disclosing operations of individual companies; NA = not available 

NOTE: Industrial processes include patents and other proprietary inventions and technology. 

‘German data prior to 1990 are for the former West Germany only. Beginning in 1990, these data are also for the former East Germany 
SOURCE: Bureau of Economic Analysis, Survey of Current Business, Vol. 72, No. 9 (Sept. 1994): pp. 111-114. 

See figure 6-8. 
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Appendix table 6-4. 


R&D performance in United States, by industry: 1981-92 


(page 1 of 2) 
Industry 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 
aoa an a --—- — Millions of current dollars — 
Total business enterprise .............. 51,810 58,650 65,268 74,800 84,239 87,823 92,155 97.015 102,055 109,727 116952 121,314 
Total manufacturing................... 49,904 56,178 61,931 69,895 77,525 80,377 84,311 86,502 88,024 88,934 88,506 91,211 
Food, beverages & tobacco ............. 638 779 827 1,082 1,136 1,286 1,206 1,221 1,272 1,419 1,277 1,411 
Textiles, apparel & leather .............. 116 136 150 182 218 246 243 258 260 298 298 306 
Wood products & furniture .............. 161 159 152 143 147 144 137 172 196 246 222 228 
Paper, paper products & printing ......... 566 566 552 593 576 541 604 783 899 1,204 1,301 1,318 
I cinnciccccccccccccccccccess 3,540 4,112 4,272 4,608 5,056 5,185 5,535 5,832 6,261 7,004 7,587 7,880 
Drugs & medicines .................... 2,085 2,492 2,913 3,319 3,484 3,658 4,100 5,235 5,808 6,287 7,061 8,831 
Petroleum refineries & products .......... 1,936 2,141 2,258 2,312 2,220 2,018 1,897 1,997 2,180 2.306 2,498 2,339 
Rubber & plastic products .............. 775 771 776 788 676 721 607 747 882 1,157 1,302 1,479 
Non-metallic mineral products ........... 460 513 624 733 835 950 995 733 635 618 509 535 
Basic metal industries ................. 878 987 1,085 717 740 803 730 637 686 739 714 555 
Metal products ....................... 624 625 701 842 829 895 783 881 904 939 974 1,057 
Non-electrical machinery ............... 2,417 2,411 2,392 2,404 2,394 2,396 2,428 2,850 2,838 2,753 3,555 3,681 
Office & computing machinery ........... 4,401 5,667 6,635 8,100 9,822 9,794 9,347 10,317 11,628 11,693 11,220 11,454 
Electrical machinery?. ................... 3,476 2,858 2,815 1,848 1,277 1,250 1,239 1,105 1,041 1,048 1,049 1,059 
Radio, TV & communication equipment ...... 6,853 8,065 9,866 11,930 13,155 13,730 14,609 13,023 12,277 12,352 12,366 12,487 
Shipbuilding & repairing ................ NA NA NA NA NA NA NA NA NA NA NA NA 
Motor vehicles ....................... 4,806 4,797 5,318 6,057 6,984 9,732 9,279 10,085 11,020 10,256 10,388 9,968 
Nt ett on 6644840 09648 11,968 14,451 15,406 18,858 22,231 21,050 24,458 24,168 22,331 20,635 16,629 16,119 
Other transport equipment .............. 147 199 381 399 371 493 509 522 508 470 411 397 
Professional goods .................... 3,614 3,930 4,266 4,602 5,013 5,103 5,222 5,530 5,992 7,055 8,705 9,652 
Other manufacturing .................. 444 519 541 379 361 382 383 405 405 455 441 454 
Total nonmanufacturing ............... 1,906 2,472 3,337 4,905 6,714 7,446 7,844 10,513 14,031 20,793 28,446 30,103 
Electricity, gas & water................. NA NA NA NA NA NA NA NA NA NA NA 292 
Construction ....................0-05. NA NA NA NA NA NA NA NA NA NA NA NA 
Transport & storage ................... NA NA NA NA NA NA NA NA NA NA NA NA 
Communications ..................... NA NA NA NA NA NA NA NA NA NA NA 5,309 
Commercial & engineering services ....... NA NA NA NA NA NA NA NA NA NA NA NA 
Other nonmanufacturing ............... NA NA NA NA NA NA NA NA NA NA NA NA 
(continued) 


579 


¢ 


seiqe| xipueddy ‘y xipueddy 


Appendix table 6-4. 


R&D performance in United States, by industry: 1981-92 


(page 2 of 2) 
industry 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 
—__—— —__—--- ——-- Millions of constant 1990 dollars 

Total business enterprise .............. 73,385 78,200 83,784 92,346 100,524 102,239 104,130 105,451 106,307 109,727 112,888 114,124 

Total manufacturing................... 70,686 74,904 79,501 86,290 92,512 93,570 95,267 94.024 91,692 88,934 85,431 85,805 
Food, beverages & tobacco ............. 904 1,039 1,061 1,336 1,356 1,497 1,363 1,327 1,325 1,419 1,233 1,327 
Textiles, apparel & leather .............. 164 181 193 224 260 287 275 281 271 298 288 288 
Wood products & furniture .............. 228 212 195 177 175 168 155 187 205 246 214 215 
Paper, paper products & printing ......... 802 755 709 732 687 630 682 851 936 1,204 1,255 1,240 
Chemicals’ .....................22... 5,014 5,483 5,484 5,689 6,033 6,036 6,254 6,339 6,522 7,004 7,324 7,413 
Drugs & medicines .................... 2,953 3,322 3,740 4,098 4,158 4,258 4,633 5,690 6,050 6,287 6,815 8,308 
Petroleum refineries & products .......... 2,742 2,855 2,899 2,855 2,649 2,349 2,144 2,171 2,271 2,306 2.411 2,200 
Rubber & plastic products .............. 1,097 1,028 996 973 807 839 686 812 919 1,157 1,256 1,392 
Non-metallic mineral products ........... 652 684 801 905 996 1,106 1,124 797 662 618 491 504 
Basic metal industries ................. 1,244 1,316 1,393 885 883 935 825 692 715 739 689 522 
Metal products ....................... 884 833 900 1,040 989 1,042 885 958 942 939 940 994 
Non-electrical machinery ............... 3,424 3,214 3,070 2,968 2,857 2,789 2,744 3,098 2,957 2,753 3,431 3,463 
Office & computing machinery ........... 6,233 7,556 8,518 10,000 11,721 11,401 10,562 11,215 12,113 11,693 10,830 10,775 
Electrical machinery® ............. ee 4,924 3,811 3,614 2,281 1,524 1,455 1,400 1,201 1,085 1,048 1,012 996 
Radio, TV & communication equipment . . . . 9,707 10,753 12,665 14,728 15,698 15,984 16,507 14,156 12,788 12,352 11,936 11,747 
Shipbuilding & repairing ................ NA NA NA NA NA NA NA NA NA NA NA NA 
Motor vehicles ....................... 6,807 6,396 6,827 7,478 8,334 11,330 10,485 10,962 11,479 10,256 10,027 9,377 
i eer 16,952 19,268 19,777 23,281 26,529 24,505 27,636 26,270 23,261 20,635 16,051 15,164 
Other transport equipment .............. 208 266 489 493 443 573 575 567 529 470 397 374 
Professional goods.................... 5,119 5,240 5,476 5,681 5,982 5,941 5,901 6,011 6,242 7,055 8,403 9,080 
Other manufacturing .................. 629 692 695 468 431 445 433 440 422 455 426 427 

Total nonmanufacturing ............... 2,700 3,296 4,284 6,056 8,012 8.668 8,863 11,427 14.616 20,793 27,458 28,319 
Electricity, gas & water................. NA NA NA NA NA NA NA NA NA NA NA 275 
Construction ................0.0.2000.. NA NA NA NA NA NA NA NA NA NA NA NA 
Transport & storage ................... NA NA NA NA NA NA NA NA NA NA NA NA 
Communications ..................... NA NA NA NA NA NA NA NA NA N/ NA 4,994 
Commerciai & engineering services ....... NA NA NA NA NA NA NA NA NA NA NA NA 
Other nonmanufacturing ............... NA NA NA NA NA NA NA NA NA NA NA NA 


NA = not available 


NOTE: Categones are taken from International Standard Industrial Classification, revision 2. 


‘Excluding drugs and medicines. 
?Excluding communication equipment. 


SOURCES: Organization for Economic Co-operation and Development (OECD), Structural Analysis Database for Industrial Analysis, Analytical Business Enterprise R&D (STAN/ANBERD) file (Paris: OECD, 1994); OECD, 
Main Science and Technology Indicators database (Paris, 1995) 


See figure 6-10. 
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Appendix table 6-5. ba 
R&D performance in Japan, by industry: 1981-92 © 
(page 1 of 2) ° 
industry 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 
— Millions of current yen 
Total business enterprise .............. 3,629,790 4,039,020 4,560,130 5,136,630 5,939,950 6,120,160 6,494,270 7,219,320 8,233,820 9,267,000 9,743,048 9,560,685 
Total manufacturing................... 3,468,700 3,873,800 4,366,700 4918600 5722200 5,896,500 6267000 6953400 7933800 8900700 9377800 9,152,343 
Food, beverages & tobacco............. 99,785 114,083 119,671 133,051 145,796 160,146 193,276 195,453 219.222 235400 225.486 231,824 
Textiles, apparel & leather .............. 64,453 51,869 51,017 59.464 62,588 62,735 66,471 72,787 81,263 88,250 91.795 118,586 
Wood products & furniture .............. 12,454 12,988 20,541 13,217 12,210 15,537 16,100 17,827 30,011 24,630 31,059 27,426 
Paper, paper products & printing ......... 20,652 27,698 37,193 42,970 50,829 -50,334 55,149 68,130 79,208 86,250 91,567 74,638 
Chemicals’ .......................... 398,920 447,677 484636 557,509 594480 641,607 715,186 774,007 857932 900,700 957.602 957,602 
Drugs & medicines .................... 218,435 239,817 289,896 295,284 341,880 341,978 380,701 416.220 455,950 516,100 590,105 590,105 
Petroleum refineries & products.......... 40,564 43,582 49,840 55,982 68,253 68,588 70,178 74,953 84,199 91,960 88,577 88,577 
Rubber & piastic products .............. 96,699 104,182 109.618 132,425 145,382 150,176 171,087 192.445 232,541 229500 255.862 255,862 
Non-metallic mineral products ......... , 84,100 93,608 113,303 131,271 174,224 187,615 177,882 198.626 221,424 215.300 259,754 259,754 
Basic metal industries ................. 237,316 254,827 260.040 279,748 340945 365,518 349.625 370,007 395,174 444400 509,042 457,776 
Metal products ....................... 64,623 64,834 82,825 83,490 102,700 94,671 94,835 89.586 109.324 129.600 137,260 126,778 
Non-electrical machinery ............... 330,423 364,083 395.877 440,653 500,661 506,029 532,235 565.434 673,953 801,563 839.352 797,443 
Office & computing machinery ........... 138,729 163,045 201,255 303,750 346,112 372,033 466829 602,748 812,834 895,306 932,105 825,128 
Electrical machinery? .................. 341,918 385,769 457,587 538,171 616.209 619,555 665,704 741,825 866425 996,200 1,010,003 967,371 
Radio, TV & communication equipment . . . . 599,695 729,218 839,984 917,360 1,126,198 1,109,979 1,172,008 1,283,957 1,323,807 1,451,926 1,564,508 1,597,817 
Shipbuilding & repairing ................ 8,120 9,279 11,507 8,911 10,980 8,145 8,790 9,424 11,727 12,905 14,626 19,210 
Motor vehicles ....................... 500,015 541,691 575444 666,105 760.799 799,094 792,054 920,337 1,071,793 1,278,583 1,264,138 1,268,649 
EE een ed ehh peteisseeextetees 24,560 27,339 44,146 22,828 38,230 54,037 59,129 48,824 61,944 79,530 106,268 66,045 
Other transport equipment .............. 26,765 27,139 26,089 24,530 35,934 36,851 20,975 15,239 16,839 17,307 17,213 17,117 
Professional goods...... peebeeeus seo 126,762 134,239 158,817 167,431 201,717 199.185 204228 238,753 266,110 335,800 313,969 327,219 
Other manufacturing .................. 33,709 36,830 37,375 44,450 46,071 52,649 54,557 56,812 62,113 69,490 77,476 77,416 
Total nonmanufacturing ............... 143,200 145,400 172,000 195,000 191,900 198,100 201,700 230,000 270,800 325,600 319,200 372,065 
Electricity, gas & water................. 52,589 48,514 56,647 64,505 63,353 69,498 64,993 73,407 75,352 97,170 90,577 109,995 
Fe 72,891 80,629 101,342 116,128 110,794 121,103 128,303 148,462 185,147 212,600 204604 243,469 
Transport & storage ................... 17,893 17,824 15,578 15,485 18,755 6,886 8,479 7,540 9,638 15,610 23,947 18,601 
Communications ..................... NA NA NA NA NA NA NA NA NA NA NA NA 
Commercial & engineering services ....... NA NA NA NA NA NA NA NA NA NA NA NA 
Other nonmanufacturing .............. 1,424 NA NA NA NA NA NA NA NA NA NA NA 
(continued) 
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Appendix table 6-5. 
R&D performance in Japan, by industry: 1981-92 


(page 2 of 2) 
industry 1981 1982 1983 1984 1985 1986 1987 1988 1986S 1930 1991 1992 
Millions of constant 1990 yen 

Total business enterprise .............. 4134,157 4528049 5008818 5547117 6319096 6395152 6786071 7520125 8419039 9267000 9552008 9228460 

Total manufacturing................... 3,950,683 4,342,825 4,825,083 5,311,663 6.087.447 6.161.442 6548589 7.243.125 8.112270 8,900,700 9,193,922 8,834,308 
Food, beverages & tobacco ............. 113.650 127,896 132233 143.684 155,102 167.342 201960 203.597 224153 235.400 221,065 223,768 
Textiles, apparel & leather .............. 73,409 58,149 56,372 64,216 66,583 65,554 69,458 75,820 83,091 88.250 89995 114,465 
Wood products & furniture .............. 14,185 14.561 22,697 14,273 12,989 16,235 16,823 18,570 30,686 24,630 30,450 26,473 
Paper, paper products & printing ......... 23,522 31,052 41,097 46,404 54,073 52,596 57.627 70,969 80,990 86.250 89,772 72,044 
its 2 6636664 090006440005 454.351 501880 535509 602062 632426 670436 747,321 806.257 877,231 900,700 938825 924,326 
Drugs & medicines .................... 248,787 268.853 320,327 318,881 363,702 357,344 397807 433563 466207 516.100 578534 569,599 
Petroleum refineries & products .......... 46,200 48,859 55,072 60,456 72,610 71,670 73,331 78,076 86,093 91,960 86,840 85,499 
Rubber & plastic products .............. 110,136 116,796 121,125 143,008 154,662 156.924 178,774 200464 237.772 229500 250845 246.971 
Non-metallic mineral products ........... 95.786 104942 125,197 141,761 185,345 196.045 185.875 206.902 226405 215.300 254661 250.728 
Basic metal industries ................. 270.292 285.680 287,337 302104 362,707 381,941 365334 385.424 404063 444400 499.061 441,869 
Metal products ....................... 73,603 72,684 91,519 90.162 109,255 98,925 99,096 93.319 111,783 129600 134569 122,373 
Non-electrical machinery ............... 376.336 408.165 437,433 475867 532,618 528.766 556.150 588.993 689.113 801563 822894 769,733 
Office & computing machinery ........... 158,006 182.785 222.381 328.024 368.205 388.749 487805 627,863 831.119 895.306 913,829 796.455 
Electrical machinery? .................. 389.428 432,476 505,621 581,178 655,541 647.393 695.615 772,734 885.915 996.200 990.199 933,756 
Radio, TV & communication equipment 683.023 817508 928.160 990670 1.198.083 1,159,853 1.224668 1,337,455 1353586 1.451.926 1,533,831 1542294 
Shipbuilding & repairing ................ 9,248 10,403 12,715 9,623 11,681 8.511 9,184 9,817 11,991 12,905 14,340 18,542 
Motor vehicles ...................2.4.. 569.494 607277 635,849 719335 809,361 834.999 827.643 958.684 1.095.903 1.278.583 1,239,351 1,224,565 
let te en eebonesdhesses 27,972 30,649 48,780 24.652 40.670 56.465 61,786 50,859 63,338 79,530 104.184 63,750 
Other transport equipment .............. 30,484 30,425 28,828 26,490 38,227 38,506 21,917 15,874 17,218 17,307 16,876 16,523 
Professional goods .................... 144.376 150492 175.488 180.811 214.593 208.135 213404 248.701 272,096 335,800 307813 315,848 
Other manufacturing .................. 38.393 41,289 41,298 48,002 49.012 55,015 57,008 59.179 63,510 69,490 75,957 74,726 

Total nonmanufacturing .............. 163,098 163,004 190,055 210583 204149 207,00! 210,763 239,583 276892 325600 312,941 359,136 
Electricity, gas & water................. 59,896 54,388 62,593 69,660 67,397 72,621 67,913 76,466 77,047 97.170 88,801 106,173 
Construction... eee 83,019 90.391 111,980 125408 117,866 126.544 134,068 154.648 189.312 212,600 200592 235,009 
Transport & storage .................. 20,379 19,982 17,213 16,722 19,952 7,195 8,860 7,854 9.855 15,610 23,477 17,955 
Communications ........ 2.20... 66.6655. NA NA NA NA NA NA NA NA NA NA NA NA 
Commercial & engineering services....... NA NA NA NA NA NA NA NA NA NA NA NA 
Other nonmanutacturing ............... 1,622 NA NA NA NA NA NA NA NA NA NA NA 


NA = not available 


NOTE Categones are taken from international Standard industna! Classification, revision 2 


‘Excluding drugs and medicines. 
"Excluding commumication equipment 


SOURCES. Organization for Economic Co-operation and Dewsicpment (OECD), Structural Analysis Database for industna! Analysis, Analytical Business Enterprise R&D (STANW/ANBERD) file (Paris: OECD, 1994). OECD. 


Main Science and Technology indicators database (Paris, 19S) 
See figure 6-11 
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Appendix table 6-6. 
R&D performance in Germany, by industry: 1981-92 


(page 1 of 2) 
Industry 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 
Millions of current deutche marks 
Total business enterprise ............ 26,196 28,620 30,060 31,645 36,212 38,450 41,329 43,400 46.086 48,000 49,408 50,434 
Total manufacturing................... 24,352 26,587 27,951 29,699 33,974 36.276 39,232 41.610 44.252 46,109 47,724 48.641 
Food, beverages & tobacco ............. 301 333 337 341 367 366 365 352 340 338 32 373 
Textiles, apparel & leather .............. 127 138 149 155 170 173 177 172 168 178 189 188 
Wood products & furniture .............. 88 108 132 151 176 182 181 172 163 152 142 140 
Paper, paper products & printing ......... 99 113 121 121 125 117 105 108 112 117 121 123 
a 4,598 4,880 4,906 5,214 5,981 6,243 6,491 6.863 7,257 7,258 7,174 6,969 
Drugs & medicines ... 1,257 1,445 1,580 1,491 1,534 1,733 2,172 2,345 2,531 2,640 2,730 2,782 
Petroleum refineries & products.......... 200 224 225 228 245 237 225 205 186 192 201 204 
Rubber & plastic products ......... 403 470 511 526 575 604 654 673 693 668 641 648 
Non-metallic mineral products 275 317 349 371 412 421 427 435 444 457 467 446 
Basic metal industries ................. 600 699 742 727 729 665 586 581 577 557 539 549 
Metal products ....................... 587 702 790 839 933 968 1,012 1,070 1,131 1,398 1,652 1,574 
Non-electrical machinery ........... 3,080 3,350 3,521 3,626 4,002 4,173 4,435 4.676 4,930 4,966 4,953 4,857 
Office & computing machinery ........... 618 709 768 802 916 1,035 1,225 1,358 1,505 1,663 1,791 1,706 
Electrical machinery’ ................... 2,533 2.614 2.646 2.826 3,309 3,612 4,002 3,903 3,807 3,545 3,316 3,499 
Radio, TV & communication equip........ 3,741 4,115 4,460 4,941 5,918 6,626 7,526 7,982 8,466 8,820 9,130 9.306 
Shipbuilding & repairing. Ss... 40 50 62 75 86 77 55 57 59 65 70 67 
Motor vehicles ................00.005.. 3,616 4.138 4,482 4,7%2 5,383 5,808 6,400 6.896 7,431 8,158 8,972 10,164 
DE .ntieenerecianes’6éseess 1,616 1,583 1,576 1,920 2,439 2,523 2,419 2,956 3,612 4,014 4,298 4,095 
Other transport equipment .............. 25 42 55 55 54 52 52 52 51 56 61 58 
Professional goods.................... 508 516 497 502 561 596 652 688 726 800 864 823 
Other manufacturing................... 39 41 42 48 59 64 69 65 61 67 73 69 
Total nonmanufacturing ........... ‘an 621 834 1,096 1,191 1,252 1,284 1,291 1,335 1,391 1,445 1,482 1,513 
Electricity, gas & water...... renneud 138 NA 398 NA 408 NA 297 NA 275 NA NA NA 
Construction ..... 2.6... eee, a 102 NA 146 NA 143 NA 158 NA 151 NA NA NA 
Transport & storage ........... seene 108 NA 152 NA 209 NA 267 NA 286 NA NA NA 
Communications .............. seaes NA NA NA NA NA NA NA NA NA NA NA NA 
Commercial & engineering services....... 241 NA 311 NA 400 NA 514 NA 567 NA NA NA 
Other nonmanufacturing ....... weuees 33 NA 89 NA 92 NA 55 NA 112 NA NA NA 
(continued) 
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R&D in Germany, by industry: 1981-97 

(page 2 of 2) 

industry 1981 1982 1983 1484 1985 1986 1987 1988 1989 1990 1991 1992 

Milhons of constant 1990 deutche marks 

Total business enterprise .......-.-.—s—ss: 33,202 34,691 35,323 36,415 40,825 42,022 54 344 45,877 47 560 48,000 47.553 46 483 

Total manulacturing................... 30,864 32,227 32,845 34.176 38,302 39,646 42,094 43,985 45,668 46,109 45.933 44 830 
Food, beverages & tobacco............. 381 404 396 392 414 400 392 372 351 338 329 344 
Textiles, apparel & leather. ....._.. 161 168 175 178 192 189 190 182 173 178 182 173 
Wood products & furniture .............. 111 131 155 1,4 198 198 194 182 168 152 137 129 
Paper, paper products & printing ......... 126 137 142 140 141 127 113 115 116 117 116 113 
CRINGE on cccccccccccccess 5,828 5.915 5,765 6,000 6,743 6.823 6,965 7,255 7,489 7.258 6.905 6.423 
Drugs & medicines 1,593 1,752 1,857 1,716 1,729 1,894 2.330 2,478 2.612 2,640 2,627 2.564 
Petroleum refineries & procicts.... 254 272 264 263 276 259 241 216 192 192 193 188 
Rubber & plastic produch tt. 511 570 600 605 648 660 702 712 715 668 617 597 
Non-metailic mineral products ........... 348 384 410 426 dos 460 458 460 458 457 449 411 
Basic metal industnes ....... 761 847 872 837 822 727 629 614 595 557 518 506 
Metal products .................... 744 851 928 965 1,052 1,058 1,086 1,131 1,167 1,398 1,590 1,451 
Nun-electricali machinery ............... 3,904 4,061 4,137 4,172 4,512 4,560 4,759 4,943 5,088 4,966 4,767 4476 
Office & computing machinery ........ 783 860 902 923 1,033 1,132 1,314 1,435 1,553 1,663 1,724 1,573 
Electrical machinery? ...... .......... 3,210 3,168 3,109 3,252 3,731 3,948 4,294 4.126 3,929 3,545 3,191 3,225 
Radio, TV & communication equip. ........ 4,741 4,987 5,241 5,686 6.672 7,242 8,075 8,438 8,737 8.820 8,787 8.577 
Shipbuilding & repairing ................ 51 61 73 86 97 84 59 60 61 65 68 62 
Motor vehicles ........ 2... enn, 4,583 5.016 5,267 5,457 6,069 6,347 6,867 7,290 7,669 8,158 8,635 9.368 
CE ik ok ds teenaswencosecveereees 2,049 1,919 1,852 2,209 2,750 2,758 2,595 3,125 3,728 4,014 4,137 3,774 
Other transport equipment.............. 32 51 65 63 61 57 56 54 53 56 58 53 
Professional goods .... 643 625 584 577 632 651 700 727 749 800 831 759 
Other manufacturing................... 50 49 49 55 67 70 74 69 63 67 70 64 

Total nonmanufacturing .............. 87 1,011 1,288 1,371 1,411 1,403 1,385 1,411 1436 1,445 1,427 1,394 
Electricity, gas & water........... 174 NA 468 NA 460 NA 319 NA 284 NA NA NA 
GE vc cccccccccccccccccccccse 129 NA 172 NA 161 NA 170 NA 156 NA NA NA 
Transport & storage ................... 136 NA 179 NA 236 NA 286 NA 295 NA NA NA 
Communications ...... 2.00606 6c NA NA NA NA NA NA NA NA NA NA NA NA 
Commercial & engineering services ....... 306 NA 365 NA 451 NA 552 NA 585 NA NA NA 
Other nonmanufacturing ............... 42 NA 105 NA 104 NA 59 NA 116 NA NA NA 

NA = not avaiiable 

NOTE Categones are taken from international Standard Industria! Ciassification, revision 2 

‘Exctuding drugs and medicines. 

7Excluding Communication equipment. 


SOURCES Organization for Economic Co-operation and Development (O€CD), Structural Analysis Database for industrial Analysis, Analytical Business Enterprise R&D (STANW/ANBERD) file (Paris OECD. 1994). OECD. 
Main Science and Technology industries database (Pars, 1995) 


See figure 6-12 
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Appendix table 6-7. 
U.S. patents granted, by inventor residence, inventor sector, and year of grant : 1963-93 


(page 1 of 2) 

Inventor residence Total 1963-79 1980 #1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
ee 2,198,190 1,107,057 61,819 65,771 57,888 56,860 67,200 71,661 70,860 82,951 77,924 95.537 90,364 96514 97.441 98,343 
US. origin .................... 1,386,178 788,520 37,356 39,223 33,896 32,871 38.367 39,555 38,126 43,518 40496 50,185 47.393 51.183 52253 53,236 
Foreign origin ................. 812.012 318,537 24.463 26548 23,992 23,989 28833 32,106 32,734 39,433 37,428 45,352 42.971 45,331 45,188 45.107 
Argentina ................... 635 374 8 25 18 21 20 11 17 18 16 20 17 16 20 24 
Australia .................... 8.084 3,001 265 318 266 237 292 340 374 389 416 503 432 463 410 378 
Austria ...............0...... 8,026 3,537 267 279 229 267 256 318 357 345 337 399 393 359 370 313 
PED 5650604 tuteesinecens 7,878 3,952 244 263 224 265 240 240 243 295 302 359 313 324 324 350 
a 751 283 24 23 27 1s 20 30 27 34 29 36 41 61 40 57 
Bulgaria .................... 460 196 23 27 13 19 22 21 21 32 23 16 27 10 5 5 
Canada .................... 38,948 18,035 1,081 1,135 990 1,000 1206 1342 1,314 1,594 1,489 1959 1861 2,035 1,964 1,943 
ii en cc wentneretctace 435 103 1 3 1 2 1 9 23 47 52 47 52 41 53 
Czechoslovakia .............. 2,056 1,541 55 41 50 38 33 54 35 46 33 34 39 27 17 13 
Denmark ................... 4.620 2,234 157 130 121 125 150 187 182 204 151 221 158 210 193 197 
Finland ..................... 4,173 1,069 121 140 125 116 167 200 210 275 232 230 304 331 360 24\3 
France ..................... 66,556 30,979 2,087 2,181 1.975 1895 2162 2400 2369 2874 2.661 3.140 2866 3,030 3,029 298 
Germany ................... 175,494 79,485 5,782 6304 5467 5477 6323 6718 6856 7,885 7353 8353 7610 7.680 7,311 6,890 
Hong Kong ................... 700 183 27 33 18 14 24 25 31 34 41 48 52 50 60 60 
Hungary .................... 2,146 716 87 98 112 106 111 108 131 127 94 129 93 85 88 61 
ee 428 221 4 6 4 14 12 10 18 12 14 14 23 22 24 30 
lreland ..............0.0.... 760 234 17 17 24 18 29 30 28 38 43 65 54 55 55 53 
MD oegeceveeeveseceseceer 4,132 1,081 113 123 114 109 162 179 189 245 238 326 299 305 335 314 
SL 3 os 400006600006 eeteccees 24,627 10,271 806 883 752 625 794 919 995 1,183 1,076 1.297 1,260 #£1,209 1,271 1,286 
PN tnnn ne dc ecncessenene 269,116 61,946 7,124 8388 8149 8793 11,110 12,746 13,209 16.557 16,158 20,168 19524 21,027 21,925 22292 
Liechtenstein ................ 440 236 18 20 19 12 16 13 16 16 10 11 15 11 16 11 
Luxembourg .................. 521 158 13 27 26 27 24 37 31 22 29 29 17 27 26 28 
BMMD 2 ccc ccc cece 1,530 992 41 43 35 37 42 32 37 49 44 39 32 28 39 45 
fetheriands ................. 20,956 9,809 654 641 619 62U 726 766 722 922 806 1,060 958 992 854 801 
New Zealand ................ 1,026 354 51 47 44 38 50 33 52 68 55 58 52 41 44 39 
CTL é2.00 6009996008%00%08 2,634 1,243 79 93 65 66 87 90 81 135 121 126 112 111 108 117 
Md aac cenecaesevececns 610 376 37 38 26 20 15 11 14 13 8 14 17 8 5 8 
South Africa ................. 2,391 1,053 74 111 73 60 82 96 88 107 103 134 115 105 97 93 
South Korea ................. 2,539 76 8 17 14 26 30 39 45 84 97 159 225 402 538 779 
DE wbweeeseeneceeseceeans 2,509 1,096 65 58 49 50 69 78 97 115 126 131 130 153 133 159 
Sweden .................... 22,427 11,782 822 766 685 623 701 857 883 948 777 837 768 716 627 635 
Switzerland ................. 36,327 19,118 1265 1239 1,147 1017 1,174 1233 1212 1373 1,245 1363 1,284 11,335 1,196 1,126 
a 6,166 171 65 80 88 65 99 174 208 343 457 591 732 904 1,000 1,189 
United Kingdom .............. 81,125 46 264 2,405 2473 2,132 1930 2269 2494 2405 2775 2579 3,094 2,788 2799 2424 2.294 
PE phuvinecvasesanrbee dee 6,898 4,296 460 373 209 222 214 147 116 121 96 161 174 178 66 65 
Venezuela .................. 362 112 11 12 10 5 11 15 21 24 20 23 20 25 22 31 
Others (100 countries) ......... 3,526 1,960 92 93 73 71 89 112 91 108 102 153 119 145 151 167 
(continued) 
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Appendix table 6-7. vp 

U.S. patents granted, by inventor residence, inventor sector, and year of grant : 1963-93 z 

(page 2 of 2) 8 

\ Qe 
. inventor sector Total 1963-79 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 m 
< 

Total : 

U.S. corporations ............... 1,057,828 597,438 27,640 29.433 25.783 25.677 29,999 31,181 29.490 33,726 31,437 38,664 36,091 39,134 40,307 41,828 = 

US. government ................ 42,158 27,265 1,237 1,121 1,005 1048 1235 1,139 1,022 981 733 880 983 1,183 1,161 1,165 8 

US. individuals .............. - 339,885 191,066 9.956 10264 8553 7574 8911 9,265 9477 10,886 10,122 13,028 12,544 13,207 12,751 12,281 > 

Foreign corporations ............ 633,782 229,652 18.874 20,788 18,856 19,246 23,238 25.957 26,546 32,374 30,961 37,507 35,549 37,595 38,237 38,402 S 

Foreign government ............ 9,088 3,243 254 251 369 339 438 483 478 552 452 44) 421 471 463 433 S 

Foreign individuals ......... ieee 115,449 58,393 3,858 3,914 3,322 2976 3,379 3,636 3847 4432 4219 5017 4776 4924 4522 4,234 . 

SOURCE: US. Patent and Trademark Office, Patenting Trends in the United States, 1963-93 (Washington, DC: September 1994). $ 
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Appendix table 6-8. 
Patent classes most emphasized by inventors patenting in the United States: 1983 and 1993 

Activity index 
Title Class 1983 1993 
Sn cc: 4 ddim hens emda + 6S 464940 FS 6 4NGCES OEE EENOUTRS4L ROSES ES 166 1.728 1.694 
Mineral oiis: processes and products .....................2. 220220 e eee ee eeee 208 1.535 1.648 
EN 5 044 020 e0 kG OSES OOS SG HE Se 4E 44 5444 04 CHa COTE bE OUSESS OU OSs HEE 604 1.470 1.618 
DS 5 atnnettnieinns hea Sb so 6 0444 LEDER RED KEO EERO RERE DE OCORES EES 606 1.194 1.615 
Chemistry of hydrocarbon compounds ..................2. 0222 c eee eee eee eee 585 1.400 1.544 
Special receptacle or package... . 2... ee ee eee eee ee 206 1.373 1.526 
Surgery: light, thermal, and electrical application......................0222005-. 607 1.119 1.492 
Chemistry: analytical and immunological testing .....................0220220--. 436 1.224 1.316 
Liquid purification or separation... . 2... 2.222 ee eee 210 0.956 1.307 
I 9 Ad ne 5 Ca mee edi aedshab he 666460444046 6806 0e eee eeeONsS 137 1.188 1.307 
Error detection/correction and fault detection/recover......................000544. 371 1.172 1.281 
ee ans bck ge ceeend nee pena he 4st +6 4006 005056644 4000004848 362 1.345 1.278 
Chemistry: natural resins or derivatives; peptides or ..................002220005. 530 1.079 1.278 
RR a 220 1.071 1.269 
Amusement devices: games . 2... eee eee 273 1.393 1.260 
Communications. directive radio wave systems and devices...................... 342 1.074 1.259 
information processing system organization ............... 00.002 c eee eee eee 395 1.335 1.255 
a + ni nebo bAAE deed 00.446 09986499 60.5 495655406460 04 8446444 0REES 128 1.232 1.253 
Hydraulic and earth engineering... eee eee 405 0.971 1.243 
I er ee errr rr rrr ee 248 1.313 1.240 
Drug. bio-affecting and body treating compositions .... 2... eee 424 0.969 1.235 
Static structures (e.g., buildings) ... 2... ee eee ee eee 052 1.227 1.228 
Electricity: conductors and insulators ... 2... ce eee 174 1.037 1.218 
Food or edible material: processes, compositions, and products ................... 426 1.197 1.214 
Chemistry: molecular biology and microbiology .............0 00. eee 435 0.963 1.206 
CC « «sc ceca eebeneeecececseescsccccresecececasecees 340 1.068 1.204 
Organic compounds - part of the class 532-570 series ...... 2... eee 536 0.963 1.202 
Chemical apparatus and process disinfecting, deodorizing, preserving or sterilizing ..... . 422 1.074 1.172 
EL, 050.0046 40s 6640 0408 6 409060600000 005000008 0900900066068 053 1.020 1.170 
Catalyst, solid sorbent, or support therefore: product......... 2... 2... ...0000000055. 502 1.255 1.170 
Induced nuclear reactions: processes, systems, and elements..................... 376 1.031 1.168 
Power plants eee eee eee eee eee e eens 060 0.945 1.168 
EE 6-654 0-0 ch WG-05 6d 404 0.6506 04:404006606 04606 6 000snesee nt ekess 062 1.261 1.167 
FFT TST TET ETT eT Tee TTT TTT eTTeLTTrererrrrrre ce 051 1.167 1.166 
ED 0.5 6-65 9560-490 bb04.0 5 40 ).405 04440 065 65bd et eadatierecsavecess 222 1.111 1.160 
Telephonic communications 2 6 eee eens 379 1.203 1.156 
Synthetic resins or natural rubbers — part of the class 520 series ................... 521 1.082 1.147 
Electrical connectors...............0.0055. pa COW RURSGECEGOCOORDOGRGESSA 439 1.451 1.146 
Rotary kinetic fluid motors or pumps... eee ees 415 0.908 1.143 
Fiuid sprinkling, spraying, and diffusing........ puedebeasusetedaceecesecesees 239 0.931 1.123 
Electricity: electrical systems and devices... eee 361 1.183 1.122 
Coded data generation or conversion... eee nee 341 0.973 1.101 
Pere r Tree rrr rT rrererrrrrrrrrrrrrrrrrrr rr rrr 029 1.218 1.100 
Pulse or digital communications... eee eens 375 1.044 1.098 
Organic compounds — part of the class 532-570 series ..... 0... 0 een 546 0.960 1.095 
Electricity: measuring andtesting........ POTUTTTETTeTTTTTrriy Ty rT errr 324 1.130 1.094 
COMPOSITIONS ee eee eee eee eens 252 1.183 1.093 
EN 6-0-6. 6.6:6.0.0.0:05:6.694 €6006546.06 00606 405660000006.00656060056.00000% 380 1.358 1.089 
Coating processes . peuasaseseeseeuseeeean (eneceseesweceseueeseecns 427 0.976 1.087 
Organic compounds ~ part of the class 532-570 series ................002... .... 568 1.012 1.085 
II, 6. 55.6.0 6.0. 06:0:6:604.6.05:60.60606660666.0.00:000:0.90600:60000.0064 385 0.926 1.080 
Measuring and testing. . (ees bees bee 6605600056605 60 500608066 5050665605 073 1.001 1.071 


NOTES The activity index is the percentage of the patents in a class that are granted to inventors from one country, divided by the percentage of all patents that have 
inventors from that country in that year. Listing is limited to Patent and Trademark Office classes that have received at least 200 patents from ali countries in 1993 


SOURCE: Office of information Products Development, TAF Program, US Patent and Trademark Office, Country Activity index Report, Corporate Patenting 1993. 
report prepared for the National Science Foundation (Washington, DC: September 1994) 


See text table 6-6 Science & Engineenng indicators - 1996 
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Appendix table 6-9. 
Patent classes most emphasized by inventors from Japan patenting in the United States: 1983 and 1993 
Activity index 

Title Class 1983 1993 
pera e eee ee ne Vs VOaewEGEMS PE 4NOEEE OE EG 04 CS4 b4Ohe CuO CEE ESS 084 2.155 3.039 
I an ads EA EEEO OS TLE EEESEDEGEKEDEOOESEUEOSCERESE6 CEES 354 3.811 2.858 
Dynamic information storage or retrieval........ 22.2... 0.00022 ee eee eee 369 2.699 2.858 
Photocopying... .. 2.2... ce eee eee eee 355 2.883 2.508 
Typewriting machines... .. 2... 2 eee eee eee 400 1.152 2.246 
IR an cae nd 6 SCHEMES AY GODS EDES EA WEEE COE E4 5 EH SW ER ERE EOE Oe 346 2.290 2.058 
Active solid state devices (e.y., transistors, solid state diodes) ..................... 257 1.864 2.050 
Dynamic magnetic information storage or retrieval.............0...0....000022055. 360 2.629 2.018 
Radiation imagery chemistry: process, composition, or products ................... 430 2.056 1.998 
Pictorial communication; television....... 2.0... 2.2 ee eee 358 1.710 1.980 
Superconductor technology: apparatus, material, process........................ 505 0.000 1.912 
2 xo bod ds oa Shek eee 4 PKS CATEOEOERE ESRD EREESEEEEEE TAY ON 180 1.724 1.859 
Optics: systems (including communication) and elements........................ 359 2.205 1.844 
Static information storage and retrieval... 2... een 365 1.990 1.833 
Electrical generator or motor Structure ... 2. ee 310 1.478 1.748 
Internal-combustion engines ... 2... eee cose Cae 2.293 1.651 
Metal treatment ... 2. 2 ee eee ee 148 1.693 1.650 
Electricity: motive power systems ........... peceepeceeeeevestsaeeaaenuees 318 1.456 1.630 
Image analysis... 2... ce eee eee eee 382 1.341 1.599 
Electrical audio signal processing systems and devices....... 2.2.0... eee 381 2.321 1.523 
Sheet feeding or delivering... eee 271 1.315 1.465 
Coating apparatus ©. eee 118 1.468 1.425 
Compositions: ceramic... eee ....  §01 1.420 1.424 
Semiconductor device manufacturing process... ee 437 1.390 1.409 
Selective visual display systems ... 6. eee 345 1.746 1.407 
Machine element or mechanism... eee . 074 1.369 1.373 
Electric lamp and discharge devices... ne 313 1.341 1.363 
Coherent light generators eee 372 0.991 1.332 
Electrical computers and data processing systems .__. oeeeuesesee4a0s406645 364 1.427 1.329 
Cs 6664-59 64 0088 9.06CRES4 OSE ROR R AOD _ (che eaaunebaee . 235 1.633 1.306 
Stock material or miscellaneous articles rrre peeesedens euabenuaees ... 428 1.414 1.232 
Electrical transmission or interconnection systems. . . . secu bebenneeauaenses .. 307 1.245 1.189 
Winding and reeling....... peeueeeseweesceeeesseenes eee anes -.. 242 1.579 1.187 
Radiant energy... 6 een -oeenenes 250 1.288 1.175 
Chemistry: electrical current producing apparatus, pro peseeeeeewe . . 429 0.864 1.167 
Adhesive bonding and miscellaneous Chemical manufacture .......... - . 156 0.868 1.164 
Synthetic resins or natural rubbers — part of the class 520 series .............. 526 1.312 1.155 
Electric heating... .. ; ; ee seers . 219 1.639 1.142 
Information processing system organization . fosn 395 0.835 1.123 
Synthetic resins or natural rubbers — part of the class 520 s series 523 0.766 1.102 
Fluid-pressure brake and analogous systems . - feseanken - 303 1.407 1.100 
Optics: measuring and testing Te see . 356 1.159 1.088 
Organic compounds — part of the class 532-570 series _ . a . . 556 0.277 1.055 
Synthetic resins or natural rubbers — part of the class 520 series _ . bea 525 1.088 1.050 
Metal fusion bonding. ‘4 | | peau 228 0.596 1.036 
Telecommunications . a 455 1.663 1.033 
Coating processes ......... . . . . 427 1.188 1.019 
Synthetic resins or natural rubbers — pari of the class 520 series . : 524 0.834 1.004 
Telephonic communications . 379 0.744 1.003 
Error detection/correction and fault detection/recover -eeeees . 371 1.083 1.001 


NOTES The activity index is the percentage of the patents in a class that are granted to inventors from one country. divided by the percentage of all patents that have 
inventors from that country in that year Listing is limited to Patent and Trademark Office classes that have received at least 200 patents from ali countnes in 1993 


SOURCE: Office of information Products Development, TAF Program. US Patent and Trademark Office. Couritry Activity index Report. Corporate Patenting 1993 
report prepared for the National Science Foundation (Washington, DC: September 1994) 


See text table 6-6 Science & Engineering indicators - 1996 
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Appendix table 6-10. 
Patent classes most emphasized by inventors from Germany patenting in the United States: 1983 and 1993 


Activity index 
Title Class 1983 1993 
Fiuid-pressure brake and analogous systems ...................00000020000eee 303 3.172 4.775 
Plant protecting and regulating compositions....... 2... 2.2... eee eee eee eee 504 1.316 3.961 
ER onc bb COGS GO.46 64 SUKSEGCCSECNOASE ECS CR SCCL GEES ESECESOVUCES 101 2.932 3.603 
Internal-combustion engines ..... 2.2.0... ee eee eee 123 1.700 2.481 
Organic compounds — part of the class 532-570 series .................02-20005. 544 1.687 2.261 
Synthetic resins or natural rubbers — part of the class 520 series ................... 521 1.654 2.226 
Organic compounds — part of the class 532-570 series .....................044.. 562 2.224 2.086 
Conveyors: power-driven ..... 2... eee eee ees 198 1.122 2.025 
Organic compounds ~— part of the class 532-570 series .......................-.. 568 1.402 1.947 
ED «go 6 65 oso 69:80 GES CORE ERASE OE 6 Oates e ee ee EHEC ETE ee8 242 1.375 1.878 
Organic compounds — part of the class 532-570 series ...................02.004.. 556 1.520 1.819 
ER 6 00 nn 660 2 0004854600 6R6 458 6.5 0500604046090 0 600860088 088 280 0.865 1.815 
Plastic article or earthenware shaping or treating: ap... .. 2.2... eee 425 1.024 1.803 
Organic compounds — part of the class 532-570 series ................2.0000055. 546 0.751 1.782 
Synthetic resins or natural rubbers — part of the class 520 series ................... 526 1.146 1.748 
Organic compounds — part of the class 532-570 series ................... eons 548 1.613 1.729 
Fluid sprinkling, spraying, and diffusing....... 2.2.22 eee 239 1.385 1.728 
Organic compounds — part of the class 532-570 series ................ 000020005. 560 1.664 1.692 
Compositions: coating or plastic... 6... eens 106 0.977 1.662 
Material or article handling... . 2... eee ees 414 0.862 1.643 
Chemistry of inorganic compounds. ..... 2... ee eee 423 1.091 1.624 
Synthetic resins or natural rubbers — part of the class 520 series .................. 525 1.215 1.518 
Synthetic resins or natural rubbers — part of the class 520 series ................... 524 1.232 1.459 
Specialized metallurgical processes... 6... eee 075 0.661 1.436 
Synthetic resins or natural rubbers ~— part of the class 520 series ................... 523 1.234 1.431 
Metai deforming .. 6 6 eee ee eee eee eens 1.186 1.393 
ED a6. 0 0 64.4.5 Gahed Cob ROR EGREEAES SSE ERS ROD SE KAbEDD ERODES ORS OE OS .. @ 0.735 1.364 
SS: oc no be eae eae NEC GS CEN EdMESN Odd GEER bee EREG ESD EG OSES bar So eee 417 1.029 1.363 
Organic compounds - part of the class 532-570 series .... 2.2... ce 549 0.967 1.340 
Sheet feeding or delivering ..... PUTT TTT TTT TTT TCC TTT OT ETT TTT Te 271 1.174 1.312 
Power piants __. ean oe beevtiacesenso30ecetesicsavebaceteneese 060 1.027 1.308 
Measuring andtesting..... =... ee eee pesboenaeeeucesevesuaes 073 1.155 1.308 
Dispensing FOG ASMSOUCOEC CUES SCG UR SSS CCC SENaRDESEKCSGCEOGE%8 8 222 1.167 1.285 
Chemistry: electrical and wave energy. aeen seaeseseuaeeeeaeeaeseceeee 204 0.940 1.271 
Coating apparatus seceusseseseaes peeseeceaenecetesreuseuvess 11% 1.100 1.264 
Fluid handling | TUE T TITTLE TO TEC TTOTTCCOTT TTC TTT TTT 137 0.934 1.249 
Compositions deeded wotsenesdeeuddncessoedosebeebhe4 252 1.074 1.198 
Motor vehicles [Vee eenadenedue 00s Sedeuvekadbenst we eens 180 1.001 1.197 
TE 6 6.6.6.5 cnn h o60e kee SUEUR SbehESdbskee SHU REHS SO Ce She OO Canes 164 0.849 1.183 
Chemical apparatus and process disinfecting, deodorizing, preserving, or sterilizing... ... 422 1.480 1.173 
Drug, bio-affecting and body treating compositions .... 0... cee 514 1.199 1.151 
Package making oo pee eb ee neers wedees ene seeemees e ... 053 0.703 1.148 
Machine element or mechanism eTerreT Tere iwabuesuasecs 074 1.740 1.142 
Synthetic resins or natural rubbers — part of the class 520 series ....... Soseeeecee 526 1.610 1.138 
Electricity: measuring andtesting... 6... eee eatbueaeeneeuss 324 0.851 1.076 
Metal working | | | ionbeeeuee-s je eesaeteeeenees sues. 029 0.657 1.062 
Hydraulic and earth engineering | peeheee cog eee hens eeeeeee 6a 405 0.910 1.047 
Typewriting machines (deka eeneeeabavendeueaceean s Gest 400 1.079 1.021 
Coherent light generators re iseeed 372 0.601 1.021 
Plastic and nonmetallic article shaping or treating. process. peceeebeaseueuses 264 0.859 1.019 
Electricity: conductors and insulators Lecebeeeteuseeseecnececescesess Oe 0.999 1.017 
Receptacles Sone epeueaeeceseenet ieeuehubaen 220 0.611 1.015 


NOTES. The activity index is the percentage of the patents in a class that are granted to inventors from one country, divided by the percentage of all patents that have 
inventors from that country in that year Listing is limited to Patent and Trademark Office classes that have received at least 200 patents from all countnes in 1993 


SOURCE Office of information Products Development, TAF Program, US Patent and Trademark Office. Country Activity index Report, Corporate Patenting 1993. 
report prepared for the Nationa! Science Foundation (Washington, DC: September 1994) 


See text table 6-6 Science & Engineering indicators — 1996 


Science & Engineering indicators - 1996 a : Oo * 279 


Appendix table 6-11. 
Patent classes most emphasized by inventors from jaiwan patenting in the United States: 1983 and 1993 
Activity index 

Title Class 1983 1993 
Tmmtiees GOMIBGIIER. ... ccc ccc ccc ccc ccc cc cece cece sc ccc ccccccece 439 0.000 6.077 
Coded data generation or conversion......... 2.2.2.0 0 0022 eee 341 0.000 4.298 
Semiconductor device manufacturing: process ....................-...-....... 437 0.000 4.298 
Selective visual display systems .......... 2.22.26. eee eee 345 0.000 4.019 
Electricity: circuit makers and breakers ....................2202020220220005-. 200 0.000 3.853 
I i nn oa eee CE eAEA DENS 140 004 COC CCE OC CSACC RTE wSOESeR 280 0.000 3.328 
Specialized metallurgical processes, compositions for........................... 075 23.883 3.286 
Electricity: electrical systems and devices ......... 2.2.2.2... ee eee 361 0.000 3.244 
Chemistry of hydrocarbon compounds ..... 2... eee 585 0.000 3.170 
Superconductor technology: apparatus, material, process........................ 505 0.000 3.020 
Sheet feeding or delivering .... 2... eee ee eee eee eens 271 0.000 2.709 
Special receptacie or package... ee eee 206 0.000 2.554 
Pe 235 0.000 2.280 
Static information storage and retrieval...... 2... 22 eee 365 0.000 2.273 
Telephonic communications ..... 2... ee ee eee 379 0.000 2.229 
Electrical transmission or interconnection systems... .. 2... 6 ene 307 0.000 2.182 
I i ov ob ob 6-66-5048 4565045 9004 04446646 6504008400 e6EC 8 427 0.000 2.115 
Typewriting machines... ee eee eee 400 0.000 2.108 
Optics: systems (including communication) and element..................0.0-..5.. 359 0.000 2.083 
EL 6 © 5.0.5.5 440-65 46465-0466 S40 666 b Od ED ONES RCE OKOE EES REEEEORODE 062 0.000 2.003 
a hb nb4 66 OES 6644 ONG CFE OSONSSEE SEBS RDESES ORES OOEEEEEENENEN 222 0.000 1.989 
Winding and reeling .. 6 eee eee ee 242 0.000 1.978 
Organic compounds — part of the class 532-570 series ........ 2... 2. ee 562 0.000 1.927 
A 6 00 6404000.66006606060645456660004004000 0640008 4066060650654 .. 417 0.000 1.889 
EL 2-0. 6 6608 606.9 480466444 0400506 666-6960 5004 645 604454400440 %4600 248 0.000 1.870 
Amusement devices: games... ee eee ee 273 0.600 1.862 
Electric lamp and discharge devices: systems ..... 2.00. eee 315 \).000 1.767 
Fluid sprinkling, spraying, and diffusing... . =... 2 eee 239 0.000 1.596 
Active solid state devices (e.g., transistors, solid state diodes)............... 2... 257 0.900 1.595 
Synthetic resins or natural rubbers - part of the class 520 series ................... 526 0.000 1578 
Machine element or mechanism... ee ee . 074 0.000 1.485 
Compositions: ceramic 6 eee eee eens 501 0.000 1.437 
Radiant energy... 6 eee wTT peebiscneseeeoes 250 0.000 1.381 
Nc 6.0.6.6 6.0.6. 6:6.¢606.6:6.6.0.6006.0600-606066.0000:0.660000650600560008 382 0.000 1.354 
IEE 6.5 6.5 0-0 64:6:0.0:4.06:94.6606600004¢0060600606.460000¢68068 oon. §©6148 0.000 1.249 
Dynamic magnetic information storage or retrieval... ee 360 0.000 1.210 
Cryptography... eee eee -eeeseuweees 380 0.000 1.117 
Radiation imagery chemistry: process, composition, or products ................... 430 0.000 1.094 
Adhesive bonding and miscellaneous chemical manufacture ...................... 156 0.000 1.078 
Catalyst, solid sorbent, or support therefore: product..................... oa... ©6502 0.000 1.072 
Electricity: motive power systems ..... 6... beGdeicscaaue On 0.000 1.044 
Rotary kinetic fluid motors orpumps..............000.00005.. ree ) 0.000 1.030 
MEE 6 0:0.0460.0000006606 00000090 b00 0.064656 606566004005 0400 4b5b05 ... 084 0.000 1.011 
information processing system organization - seeteeoes peweecoehanesesbeneeesa 395 0.000 0.963 
Electrical audio signal processing systems and devices......... 00.0. nnn 381 0.000 0.951 
Synthetic resins or natural rubbers - part of the class 520 series .............. ...  §21 0.000 0.908 
Receptacles... eee teseeeheeas ... 220 0.000 0.890 
ED © 66-6. 00.6560 40.0 65-5 6656.5:6400-645 05006 6-0.400 600006 6600060666065 362 0.000 0.880 
Package Making. 6 eee eens — 1s. BS 0.000 0.876 
Synthetic resins or natural rubbers - part of the class 520 series ............ ‘seas 523 0.000 0.866 
Metal deforming... eee peeeseeeuevegeveuss 072 0.000 0.843 
Coating apparatus 0 ee eee TT TUTTrITre 118 0.000 0.822 


NOTES: The activity index is the percentage of the patents in a class that are granted to inventors from one country, divided by the percentage of all patents that have 
inventors from that country in that year. Listing is limited to Patent and Trademark Office classes that have received at least 200 patents from all countnes in 1993 


SOURCE: Office of information Products Development, TAF Program, US Patent and Trademark Office, Country Activity Index Report. Corporate Patenting 1993 
report prepared for the National Science Foundation (Washington, DC. September 1994) 


See text table 6-7 Science & Engineenng indicators - 1996 
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Appendix table 6-12. 
Patent classes most emphasized by inventors from South Korea patenting in the United States: 1983 and 1993 
Activity index 

Title Class 1983 1993 
Electric lamp and discharge Gevices...... eee 313 0.000 12.577 
Pictonal communication; television...... 2. 2 2 ee eee 358 0.006 7.397 
Dynamic magnetic information storage or retreval................... peeeseunuen 360 0.000 6.637 
I, 5. noone a bkd ee esenOSEse shoe NSbbe EERE ECEHESC SS SHESHSSE EES 062 0.000 5.860 
Semiconductor device manufacturing: process ....... 2... eee eee 437 0.000 5.561 
Static Information storage and retneval..... 2-22 ee 385 0.000 5.146 
Electric lamp and discharge devices: systems ............ 2.2 ....00000..0...... 315 0.000 5.078 
Electrical audio signal processing systems and devices....... eee 381 0.000 4.473 
Telephonic communications ... ee ee icccee Je 0.000 3.495 
Electricity: motive powersysiems ...... 2. ee eee 318 0.000 3.274 
Coded data generation or conversion... . . epeeeeoueeaseneesseceuctesaseses 341 0.000 3.144 
Winding and reeling 2 eee eee eee 242 0.000 2.756 
Dynamic information storage or retrieval . ie eecSeUeeeucuuecuesaauueeses . 369 0.000 2.543 
Active solid state devices (e.g.. transistors, solid state) enw enawaceuewnesws .... 257 0.000 2.500 
Electrical transmission or interconnection systems...... 2... 2 2 eee ee 307 0.000 2.443 
Dn... ee bo06 6e6nbeed + 0 Ekreed.s 0.0 465600 0000 466.06640605.04008 08 . 346 0.000 2.276 
Synthetic resins or natural rubbers - part of the class 520series ..... eeeeaees . §23 0.000 2.263 
Metal fusion bonding..................0..254.. Seeetueepedewaneges cs. 228 0.000 2.246 
Telecommunications . . pewaeesenéeeuueees (epee eeveeeonuseneeeuneees . 455 0.000 2.156 
Sheet feeding or delivering ...............0.0..... jweeeeeseeeeeeneseaee 271 0.000 2.123 
Electric heating puesbbacweasens iceeeseedn saeeeuenecs 219 0.000 1.797 
image analysis vans twas - tecsccesesses FZ 0.000 1.769 
Music - oe... 084 0.000 1.585 
Superconductor technology apparatus. material, process oo, . -...  §05 0.000 1.578 
Optics: systems (including communication) and element . oenweeuweesea . 9359 0.000 1.524 
Coating apparatus seeeeeegesdeaees sewsenees . 118 0.000 1.288 
Synthetic resins or natural rubbers - part of the class 520 series : 528 0.000 1.220 
Cryptography - rn . ¢) 0.000 1.168 
Organic compounds - part of the class 532- 570 senes - — 536 0.000 1.151 
Adhesive bonding and miscellaneous chemical manufacture re 156 0.000 1.126 
Typewriting machines 400 31.305 1.102 
Organic compounds - part of the class 532-570 series 556 0.000 1.076 
Pumps -_ . . 417 0.000 0.987 
Amusement devices: games : 273 0.000 0.973 
Machine element or mechanism . 074 0.000 0.970 
Error detection/correction and fault detection/recover 371 0.000 0.946 
Electricity. electrical systems and devices 361 0.000 0.942 
Heat exchange 165 0.000 0.912 
Food or edible material: processes, compositions, and products 426 0.000 0.902 
Pulse or digital communications 375 0.000 0.844 
Organic compounds - part of the class 532-570 series 548 0.000 0.773 
Photocopying 355 0.000 0.754 
Compositions: ceramic 501 0.000 0.751 
Chemistry: electrical current producing apparatus, product, and process . 429 0.000 0.746 
Photography 354 0.000 0.739 
Conveyors: power-driven 198 0.000 0.714 
Chemical apparatus and process disinfecting, deodorizing, preserving, or sterilizing 422 0.000 0.672 
Chemistry electrical and wave energy 204 11.480 0.614 
Specialized metallurgical processes 075 0.000 0.572 
Surgery 604 0.000 0.562 
Synthetic resins or natural rubbers - part of the class 520 series 524 0.000 0.557 
Electrical generator or motor structure 310 0.000 0.537 


NOTES The activity index is the percentage of the patents in a class that are granted to inventors from one country. divided by the percentage of all patents that have 
inventors from that Country in that year Listing 1s limited to Patent and Trademark Office classes that have received at least 200 patents from all countnes in 1993 


SOURCE Office of Information Products Development. TAF Program. US Patent and Trademark Office. Country Activity index Report. Corporate Patenting 1993 
report prepared for the National Science Foundation (Washington. OC September 1994) 


See text table 6-7 Scrwence & Engineering indicators - 1996 
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Appendix table 6-13. 
Numbers of U.S. patents granted to foreign inventors, by selected field: 1980-93 


(page 1 of 6) 


Region/country Overall 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
Computers 

Asian region, total ............ 14,4945 256.9 338.8 442.7 481.5 631.1 871.0 9403 1.1449 1.1910 1.6319 14327 1583.0 1,7579 1,791.0 
ee 14,2244 254.9 336.0 4409 473.0 630.1 868.5 935.6 1,137.0 1,183.0 1.6167 14099 15475 16958 1.6895 
i miuidtnse sees geekeee se 261.5 2.0 28 18 2.5 1.0 25 45 64 75 14.7 20.3 35.0 60.8 99.9 
Hong Kong .............. 14.8 00 23 0.5 0.5 1.0 15 1.0 1.0 1.0 1.0 1.0 0.0 4.0 0.0 
Korea, Republicof ........ 143.7 0.0 0.0 0.0 1.0 0.0 0.0 0.0 2.3 3.8 6.7 8.3 20.6 37.7 63.3 
Singapore ............... 6.2 0.0 0.0 0.0 0.0 00 0.0 0.0 0.3 0.0 0.0 1.0 12 05 3.3 
Taiwan ................. 96.8 2.0 05 1.3 1.0 0.0 1.0 3.5 28 2.7 7.0 10.0 13.2 18.6 33.3 
Dh atéacceveccenasecceune 8.6 0.0 0.0 0.0 0.0 0.0 0.0 02 15 0.5 0.5 25 05 13 1.6 
China .................. 6.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15 0.5 05 2.0 05 0.3 1.0 
DE. ccococesenbeeoseees 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.5 0.0 1.0 0.3 
indonesia ............. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Malaysia ................ 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 
North America, total .......... 19,426.0 859.8 880.2 900.4 9246 1,107.1 1,1560 1.1909 12921 13348 18188 1.7034 17229 19302 2,605.0 
BE occ cccccccccccese 330.5 10.3 13.0 20.0 20.2 20.1 21.9 22.6 17.7 30.9 37.5 27.6 30.0 22.0 368 
Mexico .................. 25 0.0 0.5 0.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
United States .............. 19,093.0 849 5 866.7 880.4 903.4 1,086.0 1,134.1 1.1683 1.2744 1303.9 1,781.3 16758 16929 19082 25682 
EEC, total. .................. 4,522.5 24..7 241.1 251.6 242.1 2465 3249 324.5 349.7 350.6 472.9 345.3 393.4 352.9 386.0 
Beigium .................. 51.1 3.0 2.3 2.8 5.0 1.5 6.0 78 2.3 3.0 6.2 0.0 2.7 41 44 
Denmark 22.3 1.3 2.1 1.0 0.0 1.5 19 29 1.6 0.7 3.3 1.1 05 0.0 44 
France . 870.3 52.2 412 56.0 444 459 61.8 47.0 47.4 62.0 95.9 81.2 67.1 78.2 90.1 
Greece 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 
weland ....... 2.2.0 0..... 21.6 0.0 0.0 0.5 0.2 1.0 3.0 0.8 15 1.0 1.7 1.1 29 25 55 
italy 351.4 23.4 19.6 216 20.5 25.8 25.2 37.6 35.8 25.0 27.1 19.3 18.8 255 26.4 
Luxembourg 3.5 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 0.0 0.0 0.0 0.2 0.0 0.3 
The Netherlands 345.9 15.9 13.4 17.6 18.0 17.2 22.3 25.8 30.8 32.2 443 29.2 27.2 29.5 22.6 
Portugal 1.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 05 0.0 0.0 
Spain 17.1 2.3 0.0 1.0 1.0 1.0 0.0 1.0 03 3.0 2.0 1.3 1.0 0.0 3.1 
United Kingdom 878.4 42.3 33.4 43.2 449 33.5 60.5 49.4 744 768 106.6 755 85.4 6€ 0 846 
West Germany 1,959.6 100.8 129.1 107.9 108.1 119.1 143.2 151.2 1546 146.9 185.5 136.6 187.1 145.1 1446 
South America, total 15 0.0 0.0 0.0 1.0 0.0 05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Chile 0.5 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Peru 1.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Colombia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
(continued) 
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Appendix table 6-13. 8 
Numbers of U.S. patents granted to foreign inventors, by selected field: 1980-93 


(page 2 of 6) ° 
Region/country Overall 980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
industrial machinery 
Asian region, total............ 9,745.8 347.1 392.4 415.5 382.3 537.1 720.1 694.2 796.0 833.3 932.3 882.0 976.1 952.5 885.3 
Japan ...............0005. 9,231.6 337.5 387.0 408.6 379.5 529.8 707.4 677.1 764.2 795.7 889.0 831.9 896.7 864.2 763.0 
reer Tere Ts 483.3 9.6 5.4 6.6 2.8 6.0 12.4 16.6 29.3 32.3 40.2 47.1 71.6 86.0 117.5 
Hong Kong .............. 17.4 1.0 0.0 0.0 1.0 1.2 2.3 1.5 2.0 1.5 0.3 0.3 1.6 3.5 1.1 
Korea, Renublicof ........ 129.7 1.2 0.0 0.0 0.0 1.0 1.3 3.1 7.0 9.7 9.5 16.2 19.4 23.1 38.3 
Singapore ............... 4.3 0.5 0.5 0.2 0.0 0.0 0.0 0.5 1.2 0.0 1.2 0.0 0.3 0.0 0.0 
WD wc ccc ccc ccccees 331.9 6.9 49 6.4 1.8 3.8 8.8 11.5 19.1 21.1 29.2 30.6 50.3 59.4 78.1 
ee 30.9 0.0 0.0 0.3 0.0 1.3 0.3 0.5 2.5 5.3 3.1 3.0 7.8 2.3 48 
rr 21.9 0.0 0.0 0.0 0.0 0.3 0.0 0.5 2.5 5.2 2.0 2.7 48 1.6 2.3 | 
ee 48 0.0 0.0 0.3 0.0 1.0 0.3 0.0 0.U 0.1 1.0 0.3 1.7 0.0 0.3 
Indonesia ............... 3.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 1.0 0.6 2.0 | 
Malaysia ................ 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.1 0.2 | 
North America, total .......... 29,435.0 1,996.3 2,052.1 1,711.9 1,619.2 1,904.9 2,123.9 1,9414 2,141.6 1,9978 2,358.9 .,1826 2,361.7 24269 2,616.0 | 
Canada .................. 1,082.2 59.7 70.5 43.7 51.5 49.2 72.2 62.8 84.1 79.0 100.5 90.7 106.4 107.5 104.4 | 
Mexico ................... 31.1 3.5 3.7 43 1.0 1.8 0.3 0.0 1.0 18 2.1 1.4 1.5 3.4 5.5 | 
United States .............. 28,321.7 1,933.1 1,977.9 1,663.9 1,566.7 1,853.9 2,051.4 1,8786 2,0565 1,917.0 2,2563 2,0905 2,253.8 2,316.0 2,506.1 
EEC, total................... 12,274.8 814.9 780.1 681.4 663.6 822.7 927.8 921.6 954.7 939.9 1,071.9 937.6 976.0 924.4 858.8 
Belgium .................. 191.1 15.1 11.8 17.0 11.5 14.1 16.7 9.6 17.8 18.1 14.1 11.3 12.4 8.8 12.6 
Denmark ................ 198.6 17.3 14.1 11.9 12.8 14.7 21.3 17.9 11.9 15.0 18.7 9.1 13.5 12.6 7.9 | 
a 1,973.1 130.4 107.6 101.9 97.7 135.1 136.8 154.3 140.1 155.4 163.4 158.6 157.2 169.3 165.4 
Greece ................... 4.3 0.5 0.0 0.5 0.5 0.0 0.3 0.0 0.2 1.0 0.3 0.5 0.5 0.0 0.0 
ireland ...............0.5. 20.3 0.3 1.0 1.3 0.7 0.0 1.3 1.0 0.5 2.0 1.8 1.7 5.3 1.2 2.3 | 
nine ee G 665634544004 KE 1,000.2 60.2 53.8 36.5 40.3 51.7 77.2 73.9 86.6 71.5 98.0 86.9 90.7 92.8 80.1 | 
Luxembourg............... 41.0 0.5 5.3 2.0 1.0 0.3 6.8 2.3 2.3 2.7 6.9 1.0 3.2 3.5 3.3 | 
The Netherlands ........... 455.0 34.6 24.0 23.1 21.9 24.0 33.9 35.7 32.1 34.1 41.1 39.9 38.6 35.1 37.0 | 
Portugal .................. 3.0 0.0 1.0 1.0 0.0 0.0 0.0 0.0 0.3 0.0 0.2 0.0 0.5 0.0 0.0 | 
re 103.4 8.2 5.0 4.3 0.8 6.2 8.4 9.5 13.4 6.7 8.1 6.8 7.5 78 10.8 | 
United Kingdom ............ 1,805.5 139.1 145.1 111.8 114.4 130.9 146.8 133.0 130.2 133.8 157.1 114.9 127.0 117.5 104.1 
West Germany ............. 6,479.3 408.7 411.4 370.1 362.0 445.7 478.3 484.4 519.3 499.6 562.2 506.9 519.6 475.8 435.3 | 
South America, total .......... 8.7 0.8 0.0 1.0 0.5 0.0 0.5 0.3 2.5 0.3 1.1 0.3 0.5 0.3 0.8 
Pscaxevetenecivedervese 4.4 0.8 0.0 0.0 0.0 0.0 0.0 0.0 1.5 0.3 0.3 0.0 0.5 0.3 0.8 
Pi deerdeccenedheeceseds 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 


SEED pavcnacescessasss 3.3 0.0 0.0 1.0 0.5 0.0 0.5 0.3 0.0 0.0 0.8 0.3 0.0 0.0 0.0 


(continued) 
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Appendix table 6-13. % 
Numbers of U.S. patents granted to foreign inventors, by selected field: 1980—93 o 
(page 3 of 6) : 
Qo 
Region/country Overall 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 3 
Asian region, total............ 5,316.0 219.6 192.4 202.2 205.8 245.0 309.4 329.4 443.1 4004 5369 467.7 537.1 620.2 6069 2 
Japan .................... 5,112.5 217.6 191.4 201.2 2043 2448 308.8 3259 4383 3926 5215 4516 509.2 5703 535.1 > 
ee ceauas 604044490400044 199.3 2.0 1.0 1.0 1.5 0.0 0.6 3.5 48 7.3 14.9 15.6 27.0 49.3 70.8 5 
HongKong .............. 9.7 1.0 0.5 0.0 0.0 0.0 0.0 0.5 0.0 0.0 1.0 3.5 1.0 1.0 1.2 S 
Korea, Republic of ........ 159.2 0.0 0.0 0.0 0.0 0.0 0.0 0.5 48 6.0 10.3 8.8 25.0 43.3 60.3 3 
Singapore ............... 7.3 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 1.3 0.0 1.8 3.7 pA 
Taiwan ................. 23.1 1.0 0.5 1.0 1.5 0.0 0.0 2.5 0.0 1.3 3.6 2.0 1.0 3.2 5.6 | S 
EAE ........ iyeeuenaees 4.2 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.5 0.5 0.5 0.9 0.6 1.0 | 
China .................. 2.2 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.5 0.5 0.0 0.5 0.0 0.5 
I an 0 554 44400444095 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.5 0.0 
Indonesia ............... 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 
Malaysia ................ 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.5 
North America, total .......... 5,382.6 308.5 307.7 3205 346.1 326.6 419.0 381.7 4442 3705 3898 3732 4507 4534 4907 | 
Canada .................. 121.8 5.3 6.5 4.8 5.5 9.3 10.6 3.0 7.6 9.0 9.2 10.3 12.3 13.5 14.8 | 
ee 5.0 0.5 0.0 0.0 0.0 0.0 0.0 1.5 0.0 0.5 0.5 0.0 0.5 0.5 1.0 
United States .............. 5,255.8 302.7 301.2 315.7 340.6 317.3 408.4 3772 4366 361.0 380.1 3629 4379 4394 4749 
EEC, total................... 1,863.3 100.9 118.3 106.1 100.0 103.3 136.3 140.7 1673 1463 185.7 1508 1545 1174 135.9 
EE cb ccenceeveceseses 25.8 0.5 0.0 1.3 2.0 2.0 1.8 2.5 2.0 3.5 1.3 1.3 3.4 1.5 2.8 
Denmark ................. 79 1.5 0.0 1.5 0.0 0.5 0.0 0.0 0.0 0.0 1.3 1.0 0.2 2.0 0.0 
France ................... 342.1 15.2 16.5 17.4 17.2 22.7 33.1 26.3 26.2 22.8 38.2 26.6 23.8 26.7 29.3 
Greece ................... 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0 
Weland ................... 3.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.8 1.0 0.0 0.8 
TE inn a004 09 44000eneeeee 95.1 7.0 9.5 7.5 2.0 3.5 45 43 9.3 6.5 9.7 9.3 9.2 6.5 6.3 
Luxembourg............... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
The Netherlands ........... 351.4 20.3 19.5 19.4 23.2 18.6 33.1 29.5 33.5 26.5 31.5 34.5 27.3 16.9 17.6 
DD ciseavdeccceeet<as 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 
een eeeeseecececeness 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0 0.5 0.5 
United Kingdom ............ 372.5 22.5 23.5 22.3 13.0 12.0 16.6 28.1 36.1 27.5 36.1 34.6 41.4 25.4 33.4 
West Germany ............. 661.6 33.9 49.3 36.7 42.6 44.0 47.2 50.0 60.2 59.0 66.1 42.7 48.2 36.7 45.2 
South América, total .......... 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 
SS 6-6 006000060000¢0004% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
PM asteeeeseveseeeeeeese 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 
Colombia ................. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
(continued) 
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Appendix table 6-13. ] 
Numbers of U.S. patents granted to foreign inventors, by selected field: 1980—93 = 
(page 4 of 6) ° 
Region/country Overall 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
Electrical components and communications equipment 
Asian region, total. ........... 37,742.7 870.3 9973 10825 1.1853 1,408.9 18195 19329 3,043.0 3,001.7 39781 38462 4,568.0 5,003.4 5,005.9 
Japan.................... 36,128.4 862.3 982.5 1,067.3 1,175.0 1,398.2 1,797.1 1,917.1 3,0056 2933.7 38683 36844 42744 4645.0 4,517.5 
OR ove adn4ss essere eaesses 1,565.6 7.1 14.3 15.2 98 9.5 22.1 15.0 36.3 63.0 1055 155.7 283.2 "524 4769 
Hong Kong .............. 58.2 2.3 5.5 3.3 2.8 2.5 1.5 25 3.5 4.3 5.5 5.3 2.0 8.1 9.3 
Korea, Republicof ....... 780.7 0.0 0.0 4.0 05 25 4.0 2.0 9.3 13.0 33.1 68.5 1668 1969 280.1 
Singapore .............. 53.2 1.3 0.0 0.0 0.0 0.0 0.6 0.3 0.0 0.8 45 43 5.7 18.1 17.8 
Taiwan ................. 673.5 3.5 8.8 7.9 6.5 4.5 16.0 10.2 23.5 44.9 62.4 776 108.7 1293 169.7 
Pre err ee 48.7 0.9 0.5 0.0 0.5 1.2 0.3 0.8 1.1 5.0 43 6.1 10.4 6.0 11.5 
China .................. 25.0 0.0 0.0 0.0 0.5 0.2 0.3 0.0 1.0 4.0 3.0 2.5 4.0 2.6 6.8 
India ................... 13.5 0.9 0.5 0.0 0.0 1.0 0.0 0.8 0.0 0.0 1.0 25 23 1.8 2.7 
Indonesia ............... 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.1 0.0 
Malaysia ................ 9.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 1.0 03 1.1 4.1 0.5 2.0 
North America, total .......... 71,9265 3,794.4 3,638.8 3.4933 34728 3,980.9 44853 4,686.2 59199 5163.1 63927 61167 67839 68553 7,143.1 
Canada .................. 1,980.0 81.8 87.8 85.4 87.5 110.1 126.9 132.1 1683 1630 2025 2072 180.1 185.5 161.8 
Mexico ................... 20.5 2.3 2.0 0.3 0.0 1.5 0.0 1.7 1.6 0.5 0.5 2.0 2.8 2.0 3.2 
United States .............. 69,926.0 3.7103 35490 34076 3,3853 3,869.3 43584 45524 57500 49996 61897 59075 66010 66678 6,978.1 
EEC, total................... 19,9655 10098 10707 10993 9428 1,017.0 1,331.4 13298 1,800.1 1,769.1 2,011.7 1,7182 18245 1,581.5 1,460.0 
Belgium .................. 295.3 11.9 11.2 12.2 8.7 9.8 29.5 23.3 23.6 27.4 26.9 19.6 26.2 28.7 36.5 
Denmark ................. 108.5 11.2 2.5 6.0 4.2 5.0 7.6 7.3 5.8 10.6 15.8 6.5 10.7 11.6 3.8 
France ................... 4,861.6 254.3 249.7 260.3 230.5 271.7 3038 #3318 4232 4226 4480 4069 4459 4035 4094 
Greece ................... 8.5 0.0 0.0 1.0 0.5 0.0 0.5 0.3 1.5 0.5 0.0 1.0 0.0 0.9 2.3 
Ireland ................... 61.3 1.0 0.0 2.0 1.1 0.5 3.0 3.0 6.5 7.0 5.8 8.1 78 6.8 8.7 
ee 1,072.1 46.1 60.3 56.0 33.8 31.5 56.2 58.1 108.0 1010 1155 1203 98.5 97.6 89.3 
Luxembourg............... 7.1 0.0 1.5 0.3 0.5 1.0 0.0 1.0 0.0 0.0 0.0 0.0 1.2 1.0 0.6 
The Netherlands ........... 2,390.0 121.7 100.5 127.7 119.0 1375 1488 158.2 2342 1906 2424 226.1 233.8 1926 156.9 
Portugal .................. 2.3 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.5 0.0 0.5 0.3 0.0 
Spain .................... 53.1 0.5 0.0 2.0 0.3 2.0 2.5 1.3 2.5 7.0) 5.0 6.0 43 78 11.9 
United Kingdom ............ 4,008.4 222.3 230.6 215.9 184.4 182.1 2520 3014 3682 3385 4243 349.4 3715 3090 2588 
West Germany ............. 7,097.3 340.8 414.4 4159 3598 375.9 5265 444.1 6266 663. 7275 5743 624.1 521.7 4818 
South America, total .......... 3.6 1.0 1.0 0.0 0.0 0.0 0.1 1.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 
SDs 06-650 4-0-044 5% ©0086 086 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Peru ..................4.. 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 
Colombia ................. 2.1 0.0 1.0 0.0 0.0 0.0 0.1 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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Appendix table 6-13. % 
Numbers of U.S. patents granted to foreign inventors, by selected field: 1980-93 g 
(page 5 of 6) 8 
Ro 
Region/country Overall 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 m 
Motor vehicles and equipment 3 
Asian region, total............ 7,073.9 212.8 221.0 2553 3116 4292 4827 546.7 6974 6535 6646 7004 7273 6604 5110 2 
Japan.........2..0....... 6,907.9 211.1 217.3 2540 3090 4279 4775 539.7 6854 6393 6512 6733 698.8 6387 4846 > 
NIE... eee 154.1 1.2 3.7 1.0 2.6 1.0 5.2 6.5 11.0 11.2 12.9 25.0 26.9 20.8 25.2 = 
HongKong .............. 3.6 0.0 0.2 0.0 0.0 0.2 0.3 0.0 0.0 0.3 1.0 1.0 0.3 0.0 0.3 = 
Korea, Republicof ........ 36.1 0.0 1.0 0.0 0.3 0.0 0.6 2.8 3.2 0.9 2.3 7.3 6.8 44 6.5 3 
Singapore ............... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 A 
Taiwan ................. 114.4 1.2 2.5 1.0 2.3 0.8 4.3 3.7 7.8 10.0 9.6 16.7 19.8 16.4 18.4 3 
OD ace veresvececvesntecs 11.9 0.5 0.0 0.3 0.0 0.3 0.0 0.5 1.0 3.0 0.5 2.1 1.6 0.9 1.2 
China .................. 9.9 0.5 0.0 0.0 0.0 0.0 0.0 0.0 1.0 3.0 0.5 1.8 1.6 0.3 1.2 
India ...2.2 22, 2.0 0.0 0.0 0.3 0.0 0.3 0.0 0.5 0.0 0.0 0.0 0.3 0.0 0.6 0.0 
Indonesia ............... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Malaysia ................ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
North America, total .......... 10,415.0 688.1 701.8 606.1 606.1 648.9 707.3 6562 7500 7247 870.7 799.4 905.9 862.1 887.7 
Canada .................. 457.9 22.6 27.7 27.9 25.3 32.1 26.0 25.2 41.8 23.7 38.9 38.2 47.6 35.2 45.6 
Mexico ................... 7.9 0.3 0.3 1.3 0.7 0.4 0.0 0.8 0.0 1.3 0.0 1.0 0.0 0.3 1.5 
United States .............. 9,949.2 665.2 673.8 576.9 580.1 616.4 681.3 630.2 7082 699.7 8318 760.2 858.3 8266 8406 
EEC. total............0.0.... 5,128.1 304.0 2936 264.1 295.7 3854 343.5 3775 4494 4069 4303 410.0 4068 388.0 373.0 
Belgium .................. 22.5 2.2 1.6 0.8 2.8 0.4 1.5 0.5 0.0 1.2 2.0 3.8 1.9 2.9 0.8 
Denmark ................. 28.5 1.0 0.3 0.7 1.3 1.2 2.6 1.2 4.7 2.2 1.8 2.7 3.3 2.7 2.8 
eer reer 734.1 44.5 47.6 35.1 51.0 49.8 57.8 56.2 65.3 57.5 60.1 50.2 50.4 59.5 49.2 
Greece. ................... 2.5 0.0 0.0 0.7 0.0 0.5 0.3 0.7 0.0 0.0 0.0 0.0 0.3 0.0 0.0 
Ireland ................... 8.3 0.3 0.0 1.1 0.0 0.0 0.0 0.0 1.0 0.6 2.0 2.7 0.3 0.0 0.3 
MD sss anahoecesetssetess 322.5 14.1 22.2 16.0 6.5 23.5 20.5 29.7 26.9 3.9 30.2 29.4 27.6 27.3 16.8 
Luxembourg............... 2.4 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.3 0.0 0.7 0.1 0.5 
The Netherlands ........... 116.8 6.1 3.8 5.8 48 12.9 6.6 9.7 11.0 10.8 12.3 11.8 10.0 6.5 48 
Portugal .................. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
GOIN 0... eee 42.9 2.3 1.8 1.8 0.2 4.0 1.4 5.3 7.0 4.3 2.4 46 2.5 1.6 3.7 
United Kingdom ............ 698.5 59.5 48.4 37.9 56.5 62.6 47.3 54.3 58.4 46.8 54.6 53.9 42.8 33.5 42.0 
West Germany............. 3,149.1 174.0 167.9 164.2 1726 2305 2055 2192 275.1 2516 2646 2509 267.0 2539 252.1 
South America, total .......... 1.4 0.0 0.0 0.0 0.0 0.3 0.0 0.5 0.3 0.0 0.0 0.0 0.0 0.0 0.3 
Mc esteeceseseveséoveses 1.1 0.0 0.0 0.0 0.0 0.3 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.3 
SN 00650044069 000600068% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 


BED cc ccesseniccsence 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 
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Appendix table 6-13. 
Numbers of U.S. patents granted to foreign inventors, by selected field: 1980—93 


(page 6 of 6) 


Region/country Overail 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
Aircraft and parts 

Asian region, total ........... 3,311.7 136.8 133.5 130.1 151.2 243.1 259.6 250.1 292.5 267.6 283.0 312.9 310.4 297.9 2429 
Japan .................... 3,251.6 136.1 132.5 129.4 149.1 241.8 257.9 249.1 287.9 262.9 275.4 307.6 302.3 287.2 232.4 
ME. 0 tetg koses6se0s0ee4e04 52.5 0.7 1.0 0.4 1.1 0.7 1.7 1.0 46 3.4 7.1 42 7.1 98 96 
Hong Kong .............. 1.3 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.3 0.3 0.0 0.3 0.0 0.0 
Korea, Republicof ........ 13.3 0.0 0.0 0.0 0.3 0.0 0.6 0.3 1.2 0.9 0.3 18 2.3 1.7 3.8 
Singapore ............... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Taiwan ................. 37.9 0.7 1.0 0.4 0.8 0.7 0.8 0.7 3.4 2.2 6.5 2.4 45 8.1 5.8 
eee 7.6 0.0 0.0 0.3 1.0 0.6 0.0 0.0 0.0 1.3 0.5 1.1 1.0 09 0.9 
China .................. 5.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 1.3 0.5 0.8 1.0 0.3 0.7 
India ...........0.0..... 2.6 0.0 0.0 0.3 1.0 0.3 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.6 0.2 
indonesia ............... 0.9 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Malaysia ................ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
North America, total .......... 5,692.6 353.9 385.8 284.5 326.9 4275 389.4 340.6 423.1 368.0 453.3 396.6 467.3 542.5 533.5 
Canada .................. 153.5 78 6.0 8.9 9.1 15.3 10.8 8.9 16.8 7.3 9.8 10.8 16.6 14.5 11.1 
Mexico ................... 47 1.0 0.3 0.3 0.3 0.4 0.0 08 0.0 0.3 1.0 0.0 0.0 0.3 0.0 
United States .............. 5,534.4 345.1 379.5 275.3 317.5 4118 378.6 330.9 406.3 360.4 442.5 385.8 450.7 527.7 522.4 
EEC. total................... 2,793.8 169.2 173.6 134.3 177.4 2198 207.0 196.2 231.7 210.1 218.9 197.8 216.7 232.9 208.3 
Beigum .................. 7.3 0.7 0.1 0.3 0.3 0.4 1.8 0.3 0.5 0.7 0.0 0.7 0.7 0.4 0.3 
Denmark ................. 7.7 0.7 0.0 0.3 0.0 0.3 0.3 0.7 0.0 0.7 18 0.5 0.3 0.9 1.2 
ED 6-6 one uses 644600444 532.8 33.7 27.8 21.1 39.2 43.1 45.7 416 39.7 40.6 35.8 35.1 43.0 41.5 45.0 
Greece ................... 18 0.0 0.0 0.0 0.5 0.0 0.3 0.7 0.0 0.0 0.0 0.0 0.3 0.0 0.0 
eland ................... 2.7 0.3 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.3 1.0 0.3 
SE ti scngaseaeewen nde ob 148.2 9.1 13.0 76 42 10.0 11.7 10.5 12.1 14.3 15.1 11.7 8.8 14.1 6.1 
Luxembourg............... 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.3 0.0 0.7 0.1 0.0 
The Netherlands ........... 37.6 2.0 1.4 1.5 1.3 46 3.0 3.5 1.8 3.8 3.3 2.7 2.6 3.7 2.3 
ED oescctceesaceeeees 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
EE htencseeseeeehnes 004 24.9 1.8 0.5 0.3 0.5 3.0 0.4 2.0 28 2.6 1.1 2.5 1.1 1.6 47 
United Kingdom ............ 560.1 42.3 35.8 30.4 35.5 476 43.6 35.7 45.5 33.4 42.7 38.5 46.5 46.8 35.9 
West Germany............. 1,469.2 78.6 95.0 72.7 95.9 1108 100.2 100.9 129.3 114.0 118.8 105.4 112.4 122.8 112.5 
South America, total ......... 1.9 0.0 0.0 6.0 0.0 0.3 0.0 0.0 08 0.0 0.3 0.3 0.0 0.0 0.3 
DRS 4:9 06-0.6.0005600.0-0-00604 0.6 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 
Peru ..... 0.0.0.0... 0c eee. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Colombia ................. 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 08 0.0 0.3 0.3 0.0 0.0 0.0 


NIE = newly industnalized economies; EAE = emerging Asian economies; EEC = European economic community 
SOURCE: CHi Research, Inc., international Technology Indicators database, CHi Project No. 8708A (April 1994). 
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Appendix table 6-14. 
Technological performance indicators for U.S. nstente granted to foreign inventors: 1980-93 
(page 1 of 7) 
Number Science Technology Current impact Technological 
Region/country granted linkage’ cycle time? indices* strength‘ 
All patents 
Asian region, total... .... 215,741 0.28 72 1.19 256,732.1 
JOMON.............. 205,905 0.28 7.0 1.21 249,145.2 
ee 9,177 0.11 12.3 0.83 7,616.5 
Hong Kong......... 540 0.17 11.9 0.98 528.5 
Korea............. 2,451 0.20 7.7 0.77 1,887.4 
Singapore.......... 170 0.34 8.7 0.92 156.8 
Taiwan............ 6,015 0.06 14.3 0.84 5,052.9 
 a4.06 4 6404504404 660 1.08 12.4 0.65 428.8 
China............. 355 0.85 13.1 0.74 262.8 
India ............. 216 1.74 10.2 0.53 114.3 
Indonesia.......... 33 0.69 18.2 0.43 14.2 
Malaysia........... 56 0.24 13.3 0.69 38.6 
North America, total ..... 620,080 0.70 11.3 1.03 638,682.1 
Canadi............. 20,915 0.47 13.0 0.82 17,149.9 
Mexico ............. 554 0.39 15.2 0.50 277.0 
United States. ........ 598,611 0.71 11.2 1.04 622,555.8 
RN 6 6 6.0.4.0 6646%48 200,003 0.36 10.3 0.79 158,002.6 
Belgium ............ 3,959 0.41 10.3 0.81 3,206.6 
Denmark............ 2,389 0.77 12.1 0.66 1,576.9 
France ............. 35,475 0.36 10.4 0.78 27,670.1 
Greece............. 110 0.55 14.3 0.63 69.0 
lreland ............. 523 0.67 11.0 0.93 486.2 
italy 2... 14,321 0.26 11.1 0.69 9,881.6 
Luxembourg......... 369 0.05 11.3 0.64 236.3 
The Netherlands... .. 11,240 0.41 9.6 0.87 9,778.7 
Portugal............ 63 0.08 14.1 0.85 53.5 
Spain.............. 1,421 0.38 13.3 0.57 810.0 
United Kingdom. ...... 34,985 0.53 10.3 0.86 30,087.4 
West Germany ....... 95,149 0.29 10.1 0.78 74,216.1 
South America, total... .. 145 1.15 17.4 0.50 72.5 
Chile............... 54 0.55 20.5 0.40 21.4 
Serer 27 0.29 20.1 0.75 20.4 
Colombia ........... 64 2.01 13.7 0.48 30.8 
(continued) 
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Appendix table 6-14. 
Technological performance indicators for U.S. patents granted to foreign inventors: 1980-93 
(page 2 of 7) 
Number Science Technology Current impact Technologica! 
Region/country granted linkage’ cycle time? indices* strength* 
Computers 
Asian region, total 14,495 0.22 5.6 0.99 14,349.6 
Japan......22000... 14,224 0.22 5.6 0.99 14,082.2 
Me ewéeduse erences 262 0.17 58 0.76 198.7 
HongKong......... 15 0.01 76 1.24 18.4 
Korea... ......... 144 0.10 5.3 0.69 99.2 
Singapore.......... 6 0.29 6.9 0.34 2.1 
Taiwan............ 97 0.28 6.2 0.81 78.4 
EAE................ 9 0.30 7.0 1.34 11.5 
China............. 6 0.18 6.5 1.12 7.1 
India ........ 2 0.41 74 2.22 44 
Indonesia.......... 0 0.00 0.0 0.00 0.0 
Malaysia........... 0 2.00 13.5 0.00 0.0 
North America, total ... _ . 19.426 0.62 6.9 1.08 20,980.1 
Canada............. 331 0.28 75 0.94 310.7 
Mexico............. 3 0.00 8.0 0.81 2.0 
United States......... 19,093 0.63 6.9 1.08 20,620.4 
GEC, toted............. 4,523 0.39 7.1 0.78 3,527.6 
Belgium ............ 51 0.40 6.2 1.01 51.6 
Denmark............ 22 0.28 8.8 0.94 21.0 
France ......... 870 0.47 6.7 0.80 696.2 
Greece............. 0 0.00 28.5 0.00 0.0 
weland ............. 22 0.58 5.6 0.86 18.6 
Waly 22, 351 0.16 6.9 0.82 288.1 
Luxembourg ......... 3 0.00 46 1.11 3.9 
The Netherlands ...... 346 0.43 6.6 0.79 273.3 
Portugal... .......... 1 0.31 5.7 2.50 25 
Spain.............. 17 0.17 7.7 0.41 7.0 
United Kingdom. ...... 878 0.70 7.0 0.89 781.8 
West Germany .._.... 1,960 0.25 7.4 0.71 1,391.3 
South America, total... _ . 2 0.00 148 0.53 0.8 
eee 1 0.00 3.5 1.59 0.8 
See 1 0.00 20.5 0.00 0.0 
Colombia ........... 0 0.00 0.0 0.00 0.0 
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Appendix table 6-14. 
Technological performance indicators for U.S. patents granted to foreign inventors: 1980-93 
(page 3 of 7) 
Number Science Technology Current impact Technological 
Region/country granted linkage’ cycle time* indices* strength* 
industrial machinery 
Asian region, total or 9.746 0.06 9.9 1.22 11,899.9 
Japan 7 7 9.232 0.06 96 1.24 11,447.2 
NIE - eee 483 0.04 14.3 0.84 406.0 
Hong Kong 17 0.00 16.5 1.25 218 
Korea... 130 0.09 8.7 0.80 103.8 
Singapore. “ 0.00 7.6 1.38 5.9 
Taiwan oo 332 0.03 16.4 0.83 275.5 
EAE pene 31 0.13 18.4 0.40 12.4 
China. | 22 0.12 18.0 0.43 O4 
india 7 5 0.28 22.3 0.11 0.5 
Indonesia 4 0.00 16.2 0.67 25 
Malaysia 1 0.00 16.4 0.00 0.0 
North America, total 29,435 0.19 13.9 1.02 30,023.7 
Canada.... - 1,082 0.19 15.2 0.86 930.7 
Mexico ....... 31 0.03 19.0 0.67 20.8 
United States. . . | 28,322 0.19 13.8 1.03 29,171.4 
EEC. total . er 12,275 0.05 13.0 0.83 10,188.1 
Beigium rer 191 0.11 12.0 0.75 143.3 
Denmark 199 0.02 13.5 0.68 135.0 
France 1,973 0.05 12.9 0.86 1,696.9 
Greece 4 0.06 20.6 0.41 1.8 
Ireland 20 0.00 14.2 0.54 11.0 
italy 2.2... rr 1,000 0.02 13.5 0.82 820.2 
Luxembourg . cea 41 0.02 11.2 0.73 39.9 
The Netherlands 455 0.10 13.1 0.82 373.1 
Portugal - 3 0.00 18.4 1.78 5.3 
Spain... | , 103 0.00 12.8 0.74 76.5 
United Kingdom 1,806 0.07 13.6 0.84 1,516.6 
West Germany 6,479 0.05 12.8 0.83 5,377.8 
South America, total 4 0.14 23.2 0.33 29 
Chile re a 0.28 248 0.33 15 
Peru 1 0.00 38.5 0.00 0.0 
Colombia 3 0.00 16.3 0.42 14 
(continued) 
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Appendix table 6-14. 
T performance indicators for U.S. patents granted to foreign inventors: 1980-93 
(page 4 of 7) 
Number Science Technology Current impact Technological 
Region/country granted linkage’ cycie time? indices® strength* 
Radio and television 
Asian region, total... . . 5,316 0.15 5.0 1.07 5,688.1 
Japan.............. 5.113 0.15 5.0 1.09 5,572.6 
- rn 199 0.06 5.4 0.60 1196 
Hong Kong......... 10 0.12 5.7 0.83 8.1 
Korea............. 159 0.04 49 0.57 90.7 
Singapore.......... 7 0.38 7.7 1.20 8.8 
Taiwan............ 23 0.10 7.6 0.49 11.3 
EAE... ee, 4 0.74 48 1.44 6.0 
China........ 2 0.50 43 1.04 2.3 
India ............. 1 2.00 3.3 1.84 18 
indonesia.......... 0 0.00 0.0 0.00 0.0 
Malaysia........... 1 0.00 8.4 2.15 1.9 
North America, total ... . . 5,383 0.49 6.9 0.98 5,274.9 
Canada............. 122 0.63 6.9 0.73 88.9 
Mexico ............. 5 0.11 72 0.95 48 
United States......... 5,256 0.49 6.9 0.99 5,203.2 
EEC. total............. 1,863 0.42 6.3 0.86 1,602.4 
Belgium iwttiwtiwtt 26 0.24 6.3 1.06 27.3 
Denmark............ 8 0.00 6.4 0.88 7.0 
France ............. 342 0.56 68 0.82 280.5 
Greece............. 1 1.29 11.5 0.00 0.0 
Wweland ............. 4 0.00 5.5 1.66 6.1 
aly 95 0.46 6.3 0.60 57.1 
Luxembourg....... 0 0.00 0.0 0.00 0.0 
The Netherlands . . 351 0.25 6.0 0.85 298.7 
Portugal. ........... 0 0.00 0.0 0.00 0.0 
Spain .............. 2 0.00 6.5 0.62 1.2 
United Kingdom... ... . 373 0.52 6.5 1.02 380.0 
West Germany ....... 662 0.40 6.2 0.82 542.5 
South America, total 1 0.00 95 1.76 0.9 
Chile... en 0 0.00 09 0.00 0.0 
Peru... . 2... cee 1 0.00 9.5 1.76 0.9 
Colombia ........... 0 0.00 0.0 0.00 0.0 
(continued) 
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Appendix table 6-14. 
Technological performance indicators for U.S. patents granted to foreign inventors: 1980-93 
(page 5 of 7) 
Number Science Technology Current impact Technological 
Region/country granted linkage’ cycle time? indices* strength‘ 
Electrical components and communications equipment 
Asian region, total....... 37,743 0.39 5.6 1.08 40,762.1 
Japan.............. 36,128 0.40 5.6 1.09 39,380.0 
see eaves ¢ 4-444 0-2 4% 1,566 0.17 5.6 0.81 1,268.1 
Hong Kong......... 58 0.14 7.6 1.31 76.2 
Korea............. 781 0.16 49 0.78 608.9 
Singapore.......... 53 0.23 5.0 1.39 73.9 
Taiwan............ 674 0.18 6.3 0.75 505.1 
Serr ree 49 0.98 6.1 0.93 45.3 
China............. 25 0.80 6.0 0.57 14.3 
India ............. 14 1.74 5.5 1.49 20.1 
Indonesia.......... 1 0.00 7.7 2.23 2.5 
Malaysia........... yg 0.47 7.0 0.91 8.3 
North America, total ..... 71,927 0.77 7.5 1.05 75,522.8 
Canada............. 1,980 0.59 7.4 0.93 1,841.4 
Mexico ............. 21 0.85 8.8 0.57 11.7 
United States......... 69,926 0.77 7.5 1.05 73,422.3 
GEC, total. ............ 19,966 0.52 7.3 0.75 14,974.1 
Belgium ............ 295 0.39 6.9 0.81 239.2 
Denmark............ 109 0.22 9.1 0.54 58.6 
France ............. 4,862 0.59 7.4 0.76 3,694.8 
Greece............. 9 3.25 9.1 0.76 6.5 
Weland ............. 61 0.30 6.8 1.18 72.3 
Italy 2... eee 1,072 0.34 6.8 0.74 793.4 
Luxembourg ......... 7 0.00 7.9 0.39 2.8 
The Netherlands ...... 2,390 0.30 7.0 0.74 1,768.6 
Portugal ............ 2 0.73 7.7 0.54 1.2 
Spain.............. 53 0.40 8.9 0.48 25.5 
United Kingdom....... 4,008 0.61 7.4 0.83 3,327.0 
West Germany ....... 7,097 0.52 7.3 0.71 5,039.1 
South America, total... .. 4 0.00 11.6 0.38 1.4 
Th o6eeeeeveseese 1 0.00 16.5 0.00 0.0 
Pere 1 0.00 9.5 1.87 0.9 
Colombia ........... 2 0.00 9.7 0.21 0.4 
(continued) 
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Appendix tabie 6-14. 
Te shnological performance indicators for U.S. patents granted to foreign inventors: 1980-93 
(page 6 of 7) 
Number Science Technology Current impact Technological 
Regior/country granted linkage’ cycle time* indices* strength* 
Motor vehicles and equipment 
Asian region, total....... 7,074 0.01 6.5 1.36 9,620.5 
Japan.............. 6,908 0.01 6.3 1.38 9,532.9 
ee ee 154 0.00 15.2 0.66 101.7 
Hong Kong......... “ 0.00 16.0 1.31 4.7 
Korea............. 36 0.01 11.7 0.85 30.7 
Singapore.......... 0 0.00 0.0 0.00 0.0 
Taiwan............ 114 0.00 16.3 0.58 66.4 
0 rrr errr 12 0.00 20.0 0.57 6.8 
China............. 10 0.00 20.4 0.64 6.3 
India ............. 2 0.00 17.8 0.25 0.5 
Indonesia.......... 0 0.00 0.0 0.00 0.0 
Malaysia........... 0 0.00 0.0 0.00 0.0 
North America, total .... . 10,415 0.03 13.6 0.84 8,748.6 
Canada............. 458 0.03 14.7 0.72 329.7 
Mexico............. 8 0.00 21.1 0.49 3.9 
United States......... 9,949 0.03 13.5 0.85 8,456.8 
EEC, total............. 5,128 0.02 10.0 0.86 4,410.2 
Belgium ............ 23 0.00 10.7 0.58 13.1 
Denmark............ 29 0.07 14.4 0.59 16.8 
France ............. 734 0.03 11.1 0.80 587.3 
Greece............. 3 0.25 32.3 0.24 0.6 
Ireland ............. 8 0.00 15.7 0.13 1.1 
ree 323 0.01 11.3 0.68 219.3 
Luxembourg ......... 2 0.00 16.2 0.40 1.0 
The Netherlands . . 117 0.03 12.4 0.73 85.3 
Portugal ........ 0 0.00 0.0 0.00 0.0 
ee 43 0.01 12.1 0.57 24.5 
United Kingdom. .... . . 699 0.02 11.5 0.78 544.8 
West Germany ....... 3,149 0.02 9.1 0.92 2,897.2 
South America, total... . . 1 0.00 37.7 0.00 0.0 
A ceegeseatecees 1 0.00 45.3 0.00 0.0 
0 Sree 0 0.00 0.0 0.00 0.0 
Colombia ........... 0 0.00 10.0 0.00 0.0 
(continued) 
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Appendix table 6-14. 
Technological performance indicators for U.S. patents granted to foreign inventors: 1980—93 
(page 7 of 7) 
Number Science Technology Current impact Technological 
Region/country granted linkage’ cycle time” indices* strength 
Aircraft and parts 
Asian region, total... .... 3,312 0.01 6.4 1.41 4,669.5 
Japan.............. 3,252 0.01 6.2 1.43 4,649.8 
Per Tree 53 0.01 15.5 0.55 28.9 
Hong Kong......... 1 0.00 14.1 0.56 0.7 
Korea............. 13 0.03 15.0 0.36 48 
Singapore.......... 0 0.00 0.0 0.00 0.0 
Taiwan............ 38 0.00 15.7 0.61 23.1 
eee 8 0.11 19.7 0.36 2.7 
BN 66: 4:9.4444% 66-9 5 0.00 21.6 0.44 2.2 
India ............. 3 0.31 16.1 0.20 0.5 
Indonesia.......... 0 0.00 0.0 0.00 0.0 
Malaysia........... 0 0.00 0.0 0.00 0.0 
North America, total ..... 5,693 0.08 14.9 0.82 4,667.9 
Canada............. 154 0.08 16.3 0.70 107.5 
Mexico............. 5 0.00 18.9 0.27 1.3 
United States......... 5,534 0.08 14.9 0.82 4,538.2 
EEC total............. 2,794 0.04 10.8 0.89 2,486.5 
Belgium ............ 7 0.00 12.8 0.54 3.9 
Denmark............ 8 0.10 16.1 0.26 2.0 
France ............. 533 0.04 13.1 0.79 420.9 
Greece............. 2 0.25 31.2 0.32 0.6 
Ireland ............. 3 0.00 28.5 0.82 2.2 
DE catia s 694550044 148 0.00 11.3 0.83 123.0 
Luxembourg......... 2 0.00 13.3 0.27 0.4 
The Netherlands ...... 38 0.06 13.7 0.86 32.3 
Portugal............ 0 0.00 0.0 0.00 0.0 
Spain.............. 25 0.02 14.4 0.64 15.9 
United Kingdom. ...... 560 0.06 12.3 0.73 408.9 
West Germany ....... 1,469 0.03 9.1 1.01 1,483.9 
South America, total... .. 2 0.00 37.0 0.10 0.2 
DA 6 0040006020088 1 0.00 50.0 0.00 0.0 
Peru............... 0 0.00 0.0 0.00 0.0 
Colombia ........... 1 0.00 31.0 0.14 0.2 


NIE = newly industrializing economies; EAE = emerging Asian economies; EEC = European economic community 
‘Science linkage is a calculation of the number of references to the scientific literature indicated on the front pages of the patent. 
?Technology cycle time measures the median age of the patents cited as prior art. 


3The current impact index is a measure of how frequently a country's recent patents are cited by ai! of the current year's patents. 
This normalized indicator has an expected value of 1.0. 


‘Technological strength is determined by multiplying the number of patents by the Current impact index. 
SOURCE: CHi Research, Inc., international Technology Indicators database, CHi Project No. 9708-A (April 1994). 
See figure 6-15. Science & Engineering Indicators — 1996 


Appendix table 6-15. 
Manufacturers use and planned use of certain advanced technologies in the United States: 1968 and 1993 
1988 ~ 1993 
Plan to Plan to 
Technology in use 5 years In use 5 years 
— Percentage of establishments — — ___ 
At least one of the 17 advanced technologies ............... 68.4 59.7 75.0 52.3 
Design and engineering 
Computer-aided design (CAD) or 
computer-aided engineering.............. 6... e ee eee eee 39.0 19.6 58.8 9.5 
CAD output used to control 
manufacturing machines. ..............0 0.0 c cece eens 16.9 21.1 25.6 16.3 
Digital representation of CAD 
output used in procurement ................ 0.000 eee ee 9.9 17.5 11.3 11.8 
Fabrication/machining and assembly 
Flexible manufacturing cells or systems................... 10.7 11.5 12.7 9.7 
Numerically controlled or computer 
numerically controlied machines....................005. 41.4 7.9 46.9 6.3 
Materials working lasers... .. 2... 0... cee eee es 4.3 9.1 5.0 7.1 
Pick and place robots... .. 6.2.6... cc eee eee 7.7 12.2 8.6 8.5 
init ann enn une gh60e 45460004004490066900406 5.7 11.2 48 75 
Automated material handling 
Automatic storage and retrieval systems .................. 3.2 5.8 2.6 45 
Automatic guided vehicle systems.................-2505. 1.5 3.8 1.1 2.1 
Automated sensor-based inspection or testing 
Performed on incoming or in-process materials............. 10.0 11.9 9.9 9.8 
Performed on final product... .............0 00 cc ec eens 12.5 12.4 12.5 10.9 
Communication and control 
Local area network (LAN) for technical data................ 18.9 17.2 29.3 15.1 
Sr 16.2 19.1 22.1 18.6 
intercompany computer network linking 
plant to subcontractors, suppliers, or customers ........... 14.8 20.3 17.9 18.8 
Programmable controllers. ............... 06 cc cece e ees 32.1 10.7 30.4 8.6 
Computers used for control on factory floor................ 27.3 22.0 26.9 18.1 


NOTES: The US. survey included establishments with 20 or more employees selected to represent a universe of almost 40,000 manufacturing establishments ciassi- 
fied in Standard Industrial Classification codes 34-38. 


SOURCES: U.S. Bureau of the Census, Manufacturing Technology 1968, SMT(88)-1 (Washington, DC: Government Printing Office, 1989); U.S. Bureau of the Census, 
Manufacturing Technology: Prevalence and Plans for Use 1993, SMT (93)-3 (Washington, DC: GPO, 1994). 


See figure 6-16. Science & Engineering indicators - 1996 
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Appendix table 6-16. 


High-tech companies formed in the United States: 1960-94 


All high- Auto- Biotech- Computer Advanced Photonics Electronic Telecom- Other 

Period formed tech fields mation nology hardware materials and optics Software components munications fields' 
ee = : Number of companies sssaaeeeneeeniciaaet —_ : 

Total, (since 1960)....... 29,358 1,939 735 2,845 1,045 977 7,661 2,923 1,556 9,677 
1980-94 ............... 16,660 917 546 1,907 487 507 5,196 1,293 933 4,874 
1980-84.............. 7,727 483 213 842 212 221 2,467 629 408 2,252 
1985-89.............. 6,510 331 225 756 194 191 1,962 508 370 1,973 
1990-94.............. 2,423 103 108 309 81 95 767 156 155 649 

—Percentage of ali high-tech companies formed during each period ——______ _____ __— 
Total, all years.......... 100.0 6.6 2.5 9.7 3.6 3.3 26.1 10.0 5.3 33.0 
1980-94 ............... 100.0 5.5 3.3 11.4 2.9 3.0 31.2 78 5.6 29.3 
1980-84.............. 100.0 6.3 2.8 10.9 2.7 2.9 31.9 8.1 5.3 29.1 
1985-89.............. 100.0 5.1 3.5 11.6 3.0 2.9 30.1 78 5.7 30.3 
1990-94.............. 100.0 4.3 4.5 12.8 3.3 3.9 31.7 6.4 6.4 26.8 
—. Percentage of all U.S. high-tech companies ———___— . 

Total, all years.......... 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
1980-94 ............... 56.7 47.3 74.3 67.0 46.6 51.9 67.8 44.2 60.0 50.4 
1980-84.............. 26.3 24.9 29.0 29.6 20.3 22.6 32.2 21.5 26.2 23.3 
1985-89.............. 22.2 17.1 30.6 26.6 18.6 19.5 25.6 17.4 23.8 20.4 
1990-94.............. 8.3 5.3 14.7 10.9 78 9.7 10.0 5.3 10.0 6.7 


‘Other fields are chemicals, defense-related, energy, environmental, manufacturing equipment, medical, pharmaceuticals, test and measurement, and transportation. 
SOURCE: Corporate Technology Information Services, inc., CorpTech database Rev. 10.1, unpublished tabulations. 
See figure 6-17. 
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Appendix table 6-17. 


Ownership of high-tech establishments operating in the United States, by country of ownership: 1995 


All Auto- Biotech- Computer Advanced Photonics Electronic Telecom- Other 
Country fields mation nology hardware materials and optics Software components munications fields’ 
Number of companies 
Total ................. 37,830 2,999 849 3,231 1,851 1,210 7,916 4,294 1,861 13,619 
United States........... 33,705 2,464 749 2,770 1,514 1,069 7,575 3,758 1,631 12,175 
See eee 4,125 535 100 461 337 141 341 536 230 1444 
United Kingdom........ 914 86 14 56 92 33 119 124 34 356 
Japan................ 732 94 16 145 54 40 30 126 59 168 
Germany ............. 654 154 12 30 75 30 19 85 13 236 
Pramoe ............... 272 22 5 17 26 4 34 37 14 113 
Switzerland ........... 299 56 9 8 18 6 13 37 3 149 
Canada .............. 329 24 6 34 26 6 52 28 39 114 
Sweden.............. 151 23 7 10 7 3 6 13 3 79 
The Netherlands ....... 137 3 8 6 13 4 18 17 5 63 
Taiwan............... 26 1 0 16 0 2 0 1 6 0 
Singapore ............ 27 0 0 14 0 0 4 3 4 2 
Hong Kong............ 30 0 0 16 0 0 0 11 1 2 
South Korea........... 9 0 1 3 1 0 1 2 1 0 
Percent 

Total ................. 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
United States........... 89.1 82.2 88.2 85.7 81.8 88.3 95.7 87.5 87.6 89.4 
ee 10.9 17.8 11.8 14.3 18.2 11.7 4.3 12.5 12.4 10.6 
United Kingdom........ 2.4 2.9 1.6 1.7 5.0 2.7 1.5 2.9 1.8 2.6 
ee 1.9 3.1 1.9 45 2.9 3.3 0.4 2.9 3.2 1.2 
Germany ............. 1.7 5.1 1.4 0.9 4.1 2.5 0.2 2.0 0.7 1.7 
Re aeceecsececes 0.7 0.7 0.6 0.5 1.4 0.3 0.4 0.9 0.8 0.8 
Switzerland ........... 0.8 1.9 1.1 0.2 1.0 0.5 0.2 0.9 0.2 1.1 
PN oceseceeseeees 0.9 0.8 0.7 1.1 1.4 0.5 0.7 0.7 2.1 0.8 
Sweden.............. 0.4 0.8 0.8 0.3 0.4 0.2 0.1 0.3 0.2 0.6 
The Netherlands ....... 0.4 0.1 0.9 0.2 0.7 0.3 0.2 0.4 0.3 0.5 
PP crceseeeseeses 0.1 0.0 0.0 0.5 0.0 0.2 0.0 0.0 0.3 0.0 
Singapore ............ 0.1 0.0 0.0 0.4 0.0 0.0 0.1 0.1 0.2 0.0 
Hong Kong............ 0.1 0.0 0.0 0.5 0.0 0.0 0.0 0.3 0.1 0.0 
South Korea........... 0.0 0.0 0.1 0.1 0.1 0.0 0.0 0.0 0.1 0.0 


‘Other fields are chemicals, defense-related, energy, environmental, manufacturing equipment, medical, pharmaceuticals, test and measurement, and transportation 


SOURCE: Corporate Technology Information Services, inc., CorpTech database Rev. 10.1, unpublished tabulations. 
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Appendix table 7-1. © 
Public interest in selected issues: 1979-95 3 
1979 1981 1983 1985 1988 1990 1992 1995 Ro 
ee a ous — ——— —— —_ — - m 
issue Vi MI Ni Vi MI WNi Vi Mi Ni Vi MI WNi Vi MI WNi Vi MI WNi Vi MI WNi Vi MI WNi & 
Foreign policy 22 53 24 35 47 18 30 47 22 33 51 16 33 50 16 48 40 12 38 47 15 21 53 26 2 
Science discoveries 36 49 14 37 45 17 48 40 11 44 44 12 43 46 12 39 48 12 36 49 15 44 45 11 . 
Ss 
New technologies 33 51 15 33 50 16 42 45 12 39 49 12 40 48 12 39 49 12 37 53 10 43 46 27 . 
Space exploration -- = 25 44 31 27 45 28 29 46 25 34 44 22 26 48 26 22 50 28 25 49 26 $ 
Energy/nuciear power’ 46 42 11 50 40 10 39 46 14 36 50 13 38 46 16 42 44 14 32 49 18 29 49 21 
Medical discoveries ~ - - = = - _ ~ 68 29 3 72 25 3 68 29 3 66 31 3 69 27 4 
Environmental issues - - - - = - - - - - oe = - - 64 31 5 59 36 5 53 41 6 
Economic policy 35 48 17 52 37 10 57 33 10 48 41 11 48 42 10 50 40 10 56 36 8 47 42 11 
= --— + + --——- Number - ---- --—-—— —-- - 
Sample size 1,635 3,195 1,631 2,005 2,041 2,033 2,001 2,006 


Vi = very interested; Mi = moderately interested; Ni = not interested; - = not asked 


NOTES: Responses are to the statement: “There are a lot of issues in the news, and it is hard to keep up with every area. I'm going to read to you a short list of issues, and for each one—as | read it—i would like you to tell | 
me if you are very interested, moderately interested, or not at all interested.” "Don't know” responses are not included. Percentages may not total 100 because of rounding. 


‘in 1988, 1990, 1992, and 1995, the question was worded “... issues about the use of nuclear power to generate electricity.” From 1979 to 1985, the question was worded “...issues about energy policy.” 


SOURCES: J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1995, integrated Codebook (Chicago: international Center for the Advancement of Scientific Literacy, Chicago Academy of 
Sciences, 1995); and unpublished tabulations. 


| 
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Appendix table 7-2. 
Public interest in scientific and technological issues, by sex and level of education: 1995 


Science Technology Medicine Space Nuclear power Environment 
visti Ml vi MI vi MI vl Mi vi MI vi Mi Sample size 
—— — » Percent ——_—. — : — Number 

Alladults ....................... 44 45 43 46 69 27 25 49 29 49 53 41 2,006 
Formal education 

Less than high school ............ 31 42 31 44 64 27 15 44 28 42 45 42 418 

High school graduate............. 43 49 42 49 70 28 25 49 28 51 54 41 1,196 

Baccalaureate .................. 60 36 57 39 70 28 34 53 33 54 54 43 260 

Graduate/professional ............ 67 31 59 34 74 25 36 56 37 49 59 35 132 
Science/mathematics education 

ins cn neeadce ceecsertciverés 39 45 36 49 67 28 20 47 27 48 52 40 1,125 

Middle ........ eee eee 44 50 49 45 69 27 28 51 30 51 52 45 530 

PN 6.6.5004006060006600000000806 63 35 55 38 73 25 35 52 35 51 57 39 352 
Sex 

Female............... Leseueues 41 46 37 50 76 22 18 50 26 49 55 39 1,053 

Er eee 48 43 50 41 61 34 32 48 33 50 49 43 953 


VI = very interested; Mi = moderately interested 


NOTES: Responses are to the statement: “There are a lot of issues in the news, and it is hard to keep up with every area. I'm going to read to you a short list of issues, and for each one—as | read it—i would like you to tell 


me if you are very interested, moderately interested, or not at all interested.” 


SOURCES: J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1995, integrated Codebook (Chicago. international Center for the Advancement of Scientific Literacy, Chicago Academy of 


Sciences, 1995); and unpublished tabulations. 
See figure 7-2. 
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Appendix table 7-3 
Pubtic informedness on selected issues: 1979-1995 


1979 1981 1983 1985 1988 1990 1992 1995 
issue vi MI WNi vi MI WNi Vi MI WNi vi MI WNi vi MI WNi vi MI WNi vi MI WNi vi MI WNi 
Percent 
Foreign policy ........... 8 S44 37 17 54 28 14 51 35 15 53 32 14 55 31 22 57 22 19 54 26 10 52 37 
Science discoveries....___. 10 52 37 13 49 38 13 53 & 13 59 27 14 55 31 14 55 31 12 54 S 13 58 29 
New technologies .... 10 50 39 11 48 40 14 55 32 12 54 3S 12 51 3 11 53 3& 10 56 33 12 5 33 
Space exploration ....._._. - - - 14 46 40 13 52 34 16 52 32 13 52 BM 11 51 B 9 48 44 9 48 43 
Energy/nuciear power’ 18 58 23 23 S56 21 19 56 24 16 55 29 13 47 39 12 53 3 10 43 4 9 40 51 
Medical discoveries ....... - - - - - - - - = 24 57 18 22 59 19 24 57 20 22 58 21 23 57 20 
Environmental issues ..... 7 - - ~ - - - - - - - - - - - 32 55 13 29 56 15 24 56 20 
Economic policy ......... 14 55 31 29 51 20 28 52 20 22 51 26 22 55 22 25 55 20 29 54 17 25 53 22 
Number 
Sample size ............. 1,635 3,195 1,631 2,005 2,041 2,033 2,001 2,006 


VI = very well informed, Mi = moderately weil informed, NI = poorly informed, — = not asked 


NOTES. Responses are to the statement: “There are a lot of issues in the news, and it is hard to keep up with every area. I'm going to read you a short list of issues, and for each one—as | read it—i would like you to tell me 
if you are very interested, moderately interested, or not interested. Now, I'd iike to go through ‘*is list with you again, and for each issue I'd like you to tell me i you are very well informed, moderately well informed, or poorty 
informed.” “Don't know” responses are not included. Percentages may not total 100 because of rounding. 


‘in 1988, 1990, 1992. and 1995 the question was worded “.. issues about the use of nuclear power to generate electricity.” From 1979 to 1985, the question was worded “._. issues about energy policy.” 


SOURCES J.D. Miller and L_K. Pifer, Public Attitudes Toward Science and Technology, 1979-1995, integrated Codebook (Chicago: international Center for the Advancement of Scientific Literacy, Chicago Academy of 
Sciences, 1995): and unpublished tabulations. 


See figure 7-3. Science & Engineenng indicators - 1996 
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Appendix table 7-4. 


Public informedness on scientific and technological issues, by sex and level of education: 1995 


Technology Medicine Nuclear power Environment 
Vi MI Vi MI Vi Mi Vi MI Vi MI Vi Mi size 
- Percent - Number 

Aliadults ......................... 13 58 12 54 23 57 “ 48 “ 40 24 56 2,006 
Formal education 

Less than high school .............. 10 45 14 43 25 46 7 41 11 35 22 49 418 

High school graduate............... 11 60 10 56 20 61 8 49 8 39 23 58 1,196 

Baccalaureate .................... 19 67 17 62 26 60 13 53 11 46 30 58 260 

Graduate/professional .............. 27 62 21 59 34 56 18 54 11 54 36 53 132 
Science/mathematics education 

nce e ene geecenechavsretaered 10 54 11 49 21 55 7 44 8 36 22 54 1,125 

Middle .............. 00.00 00000.. 14 61 14 58 22 62 10 52 9 44 27 58 530 

ME ocengu5e0eedsersesseeeeees 22 63 15 65 28 56 14 55 11 46 30 58 352 
Sex 

Female..................0222008. 10 58 4 52 25 60 4 44 5 37 22 57 1,053 

tial ait eae Nien eatians ae 17 58 16 56 21 54 15 52 13 43 26 55 953 


VI = very well informed; Mi = moderately well informed 


NOTES: Responses are to the statement: “There are a lot of issues in the news, and it is hard to keep up with every area. |'m going to read you a short list of issues, and for each one—as | read it—! would like you to tell me 
if you are very interested, moderately interested, or not interested. Now, I'd like to go through this list with you again, and for each issue I'd like you to tell me if you are very well informed, moderately well informed, or poorly 


informed.” 


SOURCES: J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1995, integrated Codebook (Chicago: International Center for the Advancement of Scientific Literacy, Chicago Academy of 


Sciences, 1995); and unpublished tabulations. 
See figure 7-2. 
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Appendix table 7-5. 
Public attentiveness to select issues: 1979-95 


1979 1981 1983 1985 1988 1990 1992 1995 oe 
; m 
AP IP RP AP IP RP AP IP RP AP IP RP AP IP RP AP IP RP AP IP RP AP IP RP 3 
Percent : 
Foreign policy............ 6 16 78 6 29 65 8 23 70 8 25 67 8 25 67 14 34 52 11 27 62 5 16 79 3 
Science discoveries ..... .. 7 29 64 9 28 63 9 40 52 8 36 56 8 34 57 8 31 61 7 29 64 7 37 56 s 
New technologies ......... 6 27 67 8 26 67 8 34 58 8 31 61 7 33 60 7 32 61 6 30 63 6 37 57 z 
Science & technology... .. 9 37 54 12 35 54 13 48 39 12 44 45 11 42 46 11 40 49 10 40 50 10 47 43 $ 
Space exploration ........ - © » 7 18 75 7 20 73 9 20 71 8 26 66 6 20 74 5 17 78 5 20 75 
Energy/nuclear power’ ..... - - - - - - 15 25 61 9 28 63 8 30 62 8 HM 58 6 26 68 4 25 71 
Medical discoveries ..... .. “= . - - 7-2 = 17 51 32 16 56 28 16 52 32 17 49 34 15 53 31 | 
Environmental issues ...... - - - - -- - - - - - - -_ - © 20 43 36 18 41 41 13 40 48 
Economic policy.......... 9 26 65 12 40 48 19 38 43 16 32 52 15 33 52 17 34 50 19 38 44 15 32 53 
Number 
Sample size ............. 1,635 3,195 1,631 2,005 2,041 2,033 2,001 2,006 


AP = attentive public; !P = interested public; RP = residual public; - = question not asked 
NOTES: Responses are to the statements: “There are a lot of issues in the news, and it is hard to keep up with every area. I'm going to read you a short list of issues and for each one—as | read it—i would like you to tell me | 
if you are very interested, moderately interested, or not interested at all.” “Now, I'd like to go through this list again, and for each issue I'd like you to tell me if you are very well informed, moderately well informed, or poorly 
informed.” “How often do you read a newspaper: every day, a few times a week, once a week, or less than once a week?” “Are there any magazines that you read regularly, that is, most of the time? What magazine would 
that be? Is there another magazine that you read regularly? What magazine would that be?” 
To be classified as attentive to a given policy area, an individual must indicate that they are “very interested” in that issue area, report that they are “very well informed” about it, and be a regular reader of a daily newspaper or 
relevant national magazines. Citizens who report that they are “very interested” in an issue area, but who do not think that they are very well informed about it, are classified as the “interested public.” All other individuals are 
Classified as members of the “residual public” for that issue area. 
Percentages may not total 100 because of rounding. | 
‘In 1988, 1990, 1992, and 1995, respondents were asked about their interest in, and informedness on, "..issues about the use of nuclear power to generate electricity." From 1979 to 1985, they were asked about “...issues | 
about energy policy.” | 
SOURCES: J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1995, Integrated Codebook (Chicago: International Center for the Advancement of Scientific Literacy, Chicago Academy of | 
Sciences, 1995); and unpublished tabulations. | 
See figure 7-4. Science & Engineering Indicators — 1996 
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Appendix table 7-6. 
Public attentiveness to scientific and technological issues, by sex and level of education: 1995 


Science Technology Science/technology Medicine Space Nuclear power Environment Sample size 
AP IP AP ip AP IP AP IP AP iP AP Ip AP ip 
- - Percent Number 

Aliadults........................ 7 37 6 37 10 47 16 53 5 20 4 25 13 40 2,006 
Formal education 

Less than high school ............ 3 28 4 27 5 37 10 54 2 13 3 25 8 36 418 

High school graduate ............ 6 37 5 37 8 49 15 55 4 21 4 25 11 43 1,196 

Baccalaureate .................. 13 46 11 46 18 54 22 48 10 24 6 27 19 35 260 

Graduate/professionai ............ 22 45 17 43 27 50 28 45 13 23 8 29 25 34 132 
Science/mathematics education 

Minn 66 o00eee4enseeeseesetees 4 35 4 32 6 44 12 56 2 17 3 24 10 42 1,125 

0 See ere 8 36 8 41 12 51 18 51 7 21 6 25 15 37 530 

DE scvecedeverecerereseneeeses 16 47 11 44 19 53 23 50 11 25 6 29 19 38 352 
Sex 

Female ...................20-. 6 35 5 32 8 45 18 58 2 16 3 23 12 43 1,053 

nn 9 39 9 42 12 49 12 48 9 24 6 27 13 36 953 


AP = attentive public; IP = interested public; RP = residual public 


NOTES: Responses are to the statements: “There are a lot of issues in the news, and it is hard to keep up with every area. I'm going to read you a short list of issues and for each one—as | read it—i would like you to tell me 
if you are very interested, moderately interested, or not interested at all.” “Now, I'd like to go through this list again, and for each issue I'd like you to tell me if you are very well informed, moderately well informed, or poorly 
informed.” “How often do you read a newspaper: every day, a few times a week, once a week, or less than once a week?” “Are there any magazines that you read regularly, that is, most of the time? What magazine would 
that be? Is there another magazine that you read regularly? What magazine would that be?” 


To be classified as attentive to a given policy area, an individual must indicate that they are “very interested” in that issue area, report that they are “very well informed” about it, and be a regular reader of a daily newspaper or 
relevant national magazines. Citizens who report : ai they are “very interested” in an issue area, but who do not think that they are very well informed about it, are classified as the “interested public.” All other individuals are 
classified as members of the “residual public” for that issue area. 


SOURCES: J.D. Miller and L_K. Pifer, Public Attitudes Toward Science and Technology, 1979-1995, integrated Codebook (Chicago: International Center for the Advancement of Scientific Literacy, Chicago Academy of 
Sciences, 1995); and unpublished ‘abulations. 


See figure 7-5. Science & Engineering indicators — 1996 
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Appendix table 7-7. 
Public understanding of scientific vocabulary and concepts, by sex , level of education, and level of attentiveness: 1995 


Sample Qe 
A B Cc D E F G H | J K L M N O P Q R size m 
Percent — H 
AllAdults .................... 78 72 85 64 40 44 40 35 79 44 91 48 61 75 73 47 21 4 2,006 3 
Formal education > 
Less than high school ......... 69 55 80 47 24 26 19 29 68 28 86 36 45 63 59 26 4 1 418 . 
High school graduate.......... 79 73 86 67 39 43 38 32 77 42 93 47 61 76 73 47 18 7 1,196 S 
Baccalaureate ............... 83 86 90 74 56 64 59 46 89 61 92 59 70 86 86 66 43 19 260 
Graduate/professional ......... 93 94 86 77 73 77 77 53 97 74 96 76 86 90 94 77 56 29 132 2 
Science education 
re 72 64 82 58 28 31 29 30 73 35 89 41 55 68 63 32 8 3 1,125 
Middle .................... 85 78 90 70 48 52 43 36 81 48 94 51 63 81 81 60 26 4 530 
Pn. cosguesessuanegassses 86 91 88 77 67 76 67 50 90 64 95 67 76 88 4% 77 52 27 352 
Sex 
Female..................... 74 66 83 72 26 37 41 31 74 40 91 45 54 64 64 38 15 5 1,053 
hs ons neatededeedsueesexi 83 79 89 55 56 53 38 40 84 49 92 52 69 58 83 59 27 13 925 
Attentiveness to science 
or technology 
Attentive public .............. 88 86 87 70 70 64 57 56 88 62 94 67 70 84 86 66 39 24 195 
Interested public ............. 82 78 86 65 43 46 43 35 81 45 93 52 62 79 77 49 24 10 946 
Residual public .............. 72 63 84 62 30 39 31 30 73 39 390 41 58 69 66 41 12 4 865 


NOTES: Responses are correct for the following statements: 

A= The center of the earth is very hot. (True) 

B= All radioactivity is man-made. (False) 

C= The oxygen we breathe comes from plants. (True) 

D= It is the father's gene which decides whether the baby is a boy or a girl. (True) 

E= Lasers work by focusing sound waves. (False) 

F= Electrons are smaller than atoms. (True) 

G= Antibiotics kill viruses as well as bacteria. (False) 

H= The universe began with a huge explosion. (True) 

i= The continents on which we live have been moving their location for millions of years and will continue to move in the future. (True) 
J= Human beings, as we know them today, developed from earlier species of animals. (True) 

K= Cigarette smoking causing lung cancer. (True) 

L= The earliest humans lived at the same time as the dinosaurs. (False) 

M= Radioactive milk can be made safe by boiling it. (False) 

N= Which travels faster: light or sound? (Light) 

O= Does the Earth go around the Sun, or does the Sun go around the Earth? (Earth around the sun) 

P= How long does it take for the Earth to go around the Sun: one day, one month, or one year? (One year) 
Q= Please tell me, in your own words, what is DNA? 

R= Please tell me, in your own words, what is a molecule? 


SOURCES: J.D. Miller and L_K. Pifer, Public Attitudes Toward Science and Technology, 1979-1995, integrated Codebook Chicago: international Center for the Advancement of Scientific Literacy, Chicago Academy of 
Sciences, 1995); and unpublished tabulations. 


See figure 7-7. Science & Engineering Indicators — 1996 
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Appendix table 7-8. 
Mean scores on the index Vocabulary of Science Constructs, by education and sex: 1995 
Mean score Sample size 
tne acctngahe 0400508 bne ees oe kes 000sessbeesnedsesen4sebeeresnenees 5.2 2,006 
Formal education 
Graduate/professional degree... 2... cee eee eee 72 132 
Bachelor's degree... cece eee eee eee e ee eees 6.4 260 
EE » 6 0 064.0660 0000096066660) 6000600450086 cab eRCsebCCRS ON CEE 5.1 1,196 
es 566 neh den been Gh es 6ehs eb ds 60d0.66660500000 0400480040084 3.9 418 
Science/mathematics education 
eh ccabhheds64oeenne$seed¥soevus €)0540066400049900s000060000000000004 6.9 352 
FTP TCT TT ETT TT CTT TTT TT CECT TTC TT TET ECT ITT Tr TTT eT rTreTe 5.7 530 
TT eT TCT TCT TTT TTT TTT TUTTE TTT TTT TTT Terre 44 1,125 
Sex 
ED 2.06:042.4 44 46500400.6009966600006000600000040008000060500000600000868 58 1,053 
SE he wh 5006465004000 60005 65400 06b4 0556040050 0000bC rs Ore heneiereetee< 47 953 


SOURCES: J.D. Miller and LK. Pifer, Public Attitudes Toward Science and Technology, 1979-1995, integrated Codebook (Chicago: International Center for the 
Advancement of Scientific Literacy. Chicago Academy of Sciences, 1995): and Science Resources Studies Division, National Science Foundation; and unpublished 
tabulations. 


See figures 7-6 and 7-8. Science & Engineering Indicators - 1996 
Appendix table 7-9. 
Public understanding of the nature of scientific inquiry: 1995 
A B Cc D Sample size 
DEE nv cccccccccesencescesesenaceese 2 21 13 64 2,006 
Formal education 
Less than high school .................. 0 4 7 89 418 
High school graduate .................. 1 18 15 66 1,196 
Baccalaureate ..................0025.. 6 44 13 37 260 
Graduate/professional.................. 10 49 12 29 132 
Science/mathematics education 
Mn 24660.0654006400604000600660685% 0 9 12 79 1,125 
DE 6.6046806646660600600100646666500 3 30 16 51 530 
ay 45-0.044600545ue beens eeensesners 7 45 12 36 352 
Sex 
i o0n600669006600600600000060000 2 20 13 65 1,053 
DE Daabes50ee 600s 0006000904060804 2 22 12 64 953 
Attentiveness to science or technology 
DE 666640 06e0ee060e0000e8 5 34 14 47 195 
interested public ...... 0.2.2.0... eee 3 22 13 62 946 
DTT -0000000606000000680608 1 16 13 70 865 
NOTES: Responses are to the following series of questions: “When you read news stories, you see certain sets of words and terms. We are interested in how many 


people recognize certain kinds of terms and | would like to ask you a few brief questions in that regard. First, some articies refer to the results of a scientific study. 
When you read or hear the term scientific study, do you have a clear understanding of what it means, a general sense of what it means. or little understanding of what 
it means? If clear understanding or general sense: in your own words, could you tell me what it means to study something 

In addition, each respondent was asked the following question: “Now, please think of this situation. Two scientists want to know i a certain drug 's effective 

against high blood pressure. The first scientist wants to give the drug to 1,000 people with high blood pressure and see how many experience lower blood pressure 

SSecin, 10 caus canens eaten © Goud Gin Gun to Eee pntatn Gh tah Mined Sraaate, nd nh ow Oe Gun exten Gib tame eth ta eas omenee. ant 
see how many in both groups experience lower blood pressure levels. Which is the better way to test this drug? Why is it better to test the drug this way?” 

Level of understanding was organized as follows: 

A= Understands science as the development and testing of theory. 

B= Does not have the level of understanding in A, but understands the concept of experimental study, including the meaning and use of a contro! group. 

C= Does not have the level of understanding in A or B, but understands science to be based on careful and rigorous comparison, often involving precise measure- 


ment. 
D= Does not understand science at any of the above levels. 
See figures 7-9 and 7-10. Science & Engineering indicators - 1996 


Appendix table 7-10. 
Public understanding of the ozone hole, by sex, level of education, and level of attentiveness: 1995 
A B Cc Sample size 
__—__________—— Peren — ~ Number - 
Aliadults ........... 22.2. eee eee. 23 14 32 2,006 
Formal education 
High school orless .................... 13 17 418 
High school graduate .................. 23 12 31 1,196 
Baccalaureate ........................ 31 2 49 260 
Graduate/professional.................. 38 32 58 132 
Science/mathematics education 
PPT TTT ET CTT TTT Creer TT rer 15 7 23 1,125 
ME ctpscucaneuceseesaaansereeees 30 20 41 530 
PPT oer TTT rr rerrrrey 36 29 50 352 
Sex 
DEER 000660660 00004900800065006008 15 7 28 1,053 
ME 05:663-0:0.6.46.6.500040060660000608040 32 22 37 953 
Attentiveness to science or technology 
Attentive public ....... 2.2.22... 34 35 48 195 
Interested public ...................... 25 14 38 946 
Residual public ....... 0.2... eee, 18 10 23 865 


NOTES Responses are correct for the following questions: 

A= “Please tell me. in your own words, why there is a hole in the ozone layer.” 

B= “Do you know where the hole is located? Where is it located?” 

C= “So far as you know, are there any harms or dangers that might result from a hole in the ozone layer?” 


SOURCES J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1995, integrated Codebook (Chicago: international Center for the 
Advancement of Scientific Literacy. Chicago Academy of Sciences, 1995), and unpublished tabulations. 


See figure 7-12 Science & Engineering indicators - 1996 
Appendix table 7-11. 
Public understanding of acid rain, by sex, level of education, and level of attentiveness: 1995 
A B C Sample size 
Aliadults «eee 5 2 Ad 2,006 
Formal education 
Less than high school .................. 2 1 18 418 
High school graduate .................. 4 2 3% 1,196 
Baccalaureate ........ 0... cen, 8 3 49 260 
Graduate/professional.................. 16 6 47 132 
Science/mathematics education 
MT 0ob5026000006600600006000060046% 2 1 28 1,125 
ED. nb o-nnee600000ese0neuneeneaues 6 3 40 530 
Sah 60-65 060.409-0090060000608056000% 11 3 48 352 
Sex 
DEED cab eusdecnardedceceesnesccener 1 1 33 1,053 
DEE 0440000000600600600009008640084 3% 953 
Attentiveness to science or technology 
Attentive public ...... 0... een, 12 3 39 195 
interested public 2... een 5 3 39 946 
Residual public ..... 6... een, 3 1 28 865 


NOTES Responses indicate thoroughness of answers to the foliowing questions: “When you read or hear the term ‘acid rain,’ do you have a Clear understanding of 
what it means, a general understanding of what it means. or little understanding of what it means?” If respondents said they have a clear or general understanding of 
acid rain, they were asked: “What do you believe is the primary cause of acid rain?” Levels of understanding were categorized as follows: 
A= Scientifically correct response 

seecrioti 


SOURCES: J.D. Miller and LK. Pifer, Public Attitudes Toward Science and Technology, 1979-1995, integrated Codebook (Chicago: international Center for the 
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1995), and unpublished tabulations. 
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Appendix table 7-12. 
Public understanding of economic terms, by sex, level of education, and level of attentiveness: 1995 
Mean Sample 
4 B Cc D E F G H ! correct size 
Percent — Number — 
Alladults ......................... 18 10 46 79 46 72 55 78 60 5.0 2,006 
Formal education 
Less than high school .............. 7 3 32 75 29 74 61 70 52 41 418 
High school graduate .............. 18 8 47 78 a7 73 55 79 58 49 1,196 
Baccalaureate .................... 29 es 57 84 60 67 46 83 72 5.8 260 
Graduate/professional.............. 45 24 66 87 72 72 52 88 86 68 132 
Sex 
Female ...................2205-. 10 12 39 76 39 67 52 73 54 44 1,053 
SD 6.565664606000060000006266668 28 8 54 82 54 78 58 BS 67 5.7 953 
Attentiveness to economic issues 
Attentive public ................... 35 15 62 83 56 76 58 82 72 6.1 303 
interested public .................. 17 11 47 81 47 73 56 82 60 5.1 641 
Residual public ................... 14 a 41 77 43 70 53 75 57 47 1,062 


NOTES: Response: are correct for the following statements: 

A= First, when you see the term “free trade” in a news story, would you say that you have a clear understanding of what it means, a general sense of what it means, 
or little understanding of what it means? If clear understanding or general sense: Please tell me, in your own words, what free trade means to you. 
(Correct meaning) 

B= First, when you see the term “free trade” in a news story, would you say that you have a clear understanding of what it means, a general sense of what it means, 
or little understanding of what it means? If clear understanding or general sense: Please tell me, in your own words, what free trade means to you. 
(Trade among nations, but no information about tariffs or duties) 

C= A majority of American workers are members of a union or other collective bargaining organization. (Faise) 

D= Tariffs, that is, taxes on imported goods, benefit some groups at the expense of others. (True) 

E= A general increase in the tax on goods imported into the United States is likely to result in an increase in the amount of American goods sold to other countries. 
(False) 

F= One of the best ways to increase the productivity of labor is to encourage greater investment in equipment, machinery, and other capital. (True) 

G= in a market economy, the level of wages will depend primarily on the level of output per worker. (True) 

H= If you were to hear on the news that the Federal Reserve Board is going to tighten the money supply, would you expect interest rates to go up or go down? 
(Go up) 

l= If you had $1,000 to invest and did not want to lose it, which one of the following investments would be safest for you to buy: municipal bonds, U.S. treasury 
bonds, preferred stock, or common stock? (U.S. treasury bonds) 


SOURCES: J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1995, integrated Codebook (Chicago: international Center for the 
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1995); and unpublished tabulations. 
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Appendix table 7-13. 


Sources of information: 1995 
Science Science Science 
Newspaper News mag. 1+hr/day 1+hr/day 1 visit/yr 5 visits/year 1+/month 1+/month \+/year size 
Percent Number 
Alladults .................... 47 20 63 25 69 42 10 65 61 2,006 
Forma! education 
Less than high school ......... 40 9 66 22 43 19 49 33 418 
High school graduate.......... 47 19 64 25 72 43 11 68 64 1,196 
Baccalaureate ............... 55 32 58 27 85 64 14 74 79 260 
Graduate/professional ......... 60 42 53 33 86 67 22 74 83 132 
Science/mathematics education 
nt scnineesee eee éeeensee< 45 12 66 24 57 30 7 62 49 1,125 
Middle ..................5.. 51 23 61 23 82 57 12 66 72 530 
i + on9aceghuneueacesdnaes 50 35 54 % 86 68 19 74 82 352 
Sex 
Female..................... 43 18 65 22 70 46 6 62 62 1,053 
ihn cednenvesaevesse esses 52 22 61 28 67 38 15 69 59 953 
Attentiveness to science 
or technology 
Attentive public .............. 77 45 63 27 82 56 33 80 71 195 
interested public ............. 41 19 64 26 72 44 10 71 65 946 
Residual public .............. 48 16 62 24 61 37 6 56 54 865 
Cable 
Have cable.................. 51 22 66 24 70 42 10 70 63 1,354 
Satellite dish ................ 34 12 ba 31 53 28 7 73 47 49 
Dt ote, esnaseenseanans 41 18 57 27 68 44 11 55 57 604 


NOTES Responses are for the following statements 

“How often do you read a newspaper every day, a few times a week, once a week, or less than once a week?” (Percent responding “everyday .”) 

“Are there any magazines that you read regularly, that is, most of the time? What magazine would that be?” (Percent naming at least one news or science magazine ) 

“Altogether. on an average day, about how many hours would you say that you watch television? About how many of those hours are news reports or news shows?” (Percent responding 1 or more hours indicated ) 


“Now, let me ask you about your use of museums, 200s, and similar institutions | am going to read you a short list of places and ask you to tell me how many times you visited each type of place during the last year, that is. 
the last 12 muths. If you did not visit any given place, just say none 


A natural history museum How many times did you visit it during the iast year? 
A 200 of aquarium How many times did you visit it during the last year? 
A science or technology museum. How many times did you visit it dunng the last year? 
A public library. How many times did you visit it during the last year?” 
“Do you watch any television shows that focus primarily on science or nature? Which science or nature show do you watch most often?” 
“About how many times a month do you watch this show?” 
“On an average day, about how many hours would you say that you listen to a radio? About how inany of those hours are news reports or news shows?” 


SOURCES JD Miller and LK Pifer, Public Attitudes Toward Science and Technology, 1979-1995, integrated Codebook (Chicago international Center for the Advancement of Scientific Literacy, Chicago Academy of 
Sciences, 1995). and unpublished tabulations. 
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Appendix table 7-14. 


Sources of information: 1995 
Video 
Total TV Science Total Radio News- News Science Science Public Books tapes Sample 
TV news TV radio news papers mags. mags. museum library borrowed borrowed size 
Hours per year —— Copies per year --_——— Visits per year ---__—_- Number per year 
All adults |... 1,019 408 81 822 220 200 2.6 1.5 2.1 8.8 12.1 1.5 2,006 
Formal education 
Less than high school............. 1,277 468 59 738 228 170 0.9 0.5 0.9 3.3 45 0.4 418 
High school graduate ............. 1,018 409 88 885 209 199 2.5 1.5 2.1 8.7 11.7 1.5 1,196 
Baccalaureate ........................ 791 352 85 777 241 231 4.3 2.1 3.3 14.7 21.0 2.4 260 
Graduate/professional ............ 662 317 77 602 256 246 5.4 3.7 4.2 14.6 22.0 2.9 132 
Science/mathematics education 
eee 1,163 451 79 838 217 190 1.5 0.9 1.5 5.4 7.2 1.1 1,125 
Miche ooo... ccecceeeeeeeeee 917 383 76 835 207 215 3.7 1.6 2.3 11.5 15.0 1.8 530 
Sen 713 310 94 749 252 209 4.4 3.1 4.0 15.5 23.2 2.3 352 
Sex 
— 1088 440 69 792 193 186 2.2 0.8 2.2 9.5 14.6 1.7 1,053 
Male... occ ccccceeeceeeeeeee 943 371 93 853 250 216 3.0 2.2 2.0 7.9 9.3 1.2 953 
Attentiveness to science 
or technology 
Attentive public ....................... 1,025 416 134 801 243 293 5.9 5.7 3.1 13.4 20.3 1.2 195 
interested public ..................... 984 409 92 837 224 183 2.4 1.4 2.3 8.7 12.2 1.5 946 
Residual public ....................... 1,056 405 57 809 211 198 2.0 0.7 1.7 7.7 10.1 1.5 865 
Cable 
PRMD GED ..........0.200000000022000 1,060 420 97 816 216 213 2.8 1.5 2.2 8.6 12.0 1.3 1,354 
A 1,244 374 108 1,032 331 157 1.2 1.0 1.4 7.0 8.6 0.6 49 
ee 909 335 42 817 223 176 2.1 1.6 2.1 9.1 12.4 2.0 604 


NOTES: Responses are for the following statements: 
“Altogether, on an average day, about how many hours would you say that you watch television? About how many of those hours are news reports or news shows?” 
“Now, let me ask you about your use of museums, Zoos, and similar institutions. | a™ going to read you a short list of places and ask you to tell me 
how many times you visited each type of place durine the last year, that is, the last 12 months. If you did not visit any given place, just say none. 
A natural history museum. How many times did you visit it during the last year? 
A Zoo or aquarium. How many times dic you visit it during the last year? 
A science or technology museum. How many times did you visit it during the last year? 
A public library. How many times did you visit it during the last year? 
During the last 12 months, did you borrow any books from the public library? IF YES: About how many books did you borrow during the lasi year? 
During the last 12 months, did you borrow any video tapes from the public library? IF YES: About how many video tapes did you borrow during the last year?” 
“Do you watch any television shows that focus primarily on science or nature? Which science or nature show do you watch most often?” 
“About how many times a month do you watch this show?” 
“On an average day, about how many hours would you say that you listen to a radio? About how many of those hours are news reports or news shows?” 


SOURCES: J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1995, integrated Codebook (Chicago: International Center for the Advancement of Scientific Literacy, Chicago Academy of 
Sciences, 1995); and unpublished tabulations. 
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Appendix table 7-15. 
Computer access at home and work: 1983-95 
1983 1985 1988 1990 1995 
Sennen Peco ——____- ——— - 
All adults 
No access .....................220eee 70 66 62 58 46 
Work orhome ..................000005. 27 28 29 30 33 
Work andhome....................... 3 6 9 12 21 
Male 
NO ACCESS ............. 0. eee eee 68 62 59 55 41 
Work orhome ..................00005. 28 29 30 30 34 
Work and home ....................... 4 8 11 15 25 
Femaie 
No access ................... ccc eee 72 69 66 61 50 
Work orhome ........................ 26 26 28 31 33 
Work andhome....................... 2 5 6 8 17 
Less than high school graduate 
No acceSS ............... 0c cece ee 94 87 92 85 80 
Work orhome ....................05.. 6 13 8 14 18 
Work and home ....................... 0 0 0 1 2 
High school graduate 
No accesS .............. 00. cee ee eee 66 65 5A 55 42 
Work orhome .................0.005.. 31 30 35 34 38 
Work and home .................. 3 5 7 11 20 
Baccalaureate 
No access ............ 0.0... eee ee 47 40 33 29 18 
Work orhome .................220055. 45 43 41 41 36 
Work andhome ....................0.. 8 17 26 30 46 
Attentive public to science and technology 
EK. 20 ce Rehab ECRESE SORE CORE 61 56 50 44 31 
Work orhome ................0200055. 29 33 35 31 31 
Work and home ....................0... 10 11 15 25 38 
—_—— _— Sample size — ae ———— 
DTD ancececeecceceeecececeeseeers 631 2,005 2,041 2,033 2,006 
FF TTTTP CT TTT Ter Ter TT TTT 775 950 958 964 953 
re rer 856 1,054 1,084 1,070 1,053 
Less than high school graduate .......... 404 507 530 495 418 
High school graduate .................. 941 1,147 1,158 1,202 1,196 
nt in nn neebnnnseeeeeees 282 349 353 336 392 
Attentive public to science and technology . . 208 235 233 229 195 


NOTES: In 1985, 1988, 1990, and 1995, the question was worded: “Do you use a computer in your work? About how many hours do you personally use your work 
computer in a typical week?” in 1983, the question was worded: “Do you use computers or word-processing equipment in your work? Do you presently have a home 
computer in your household? About how many hours do you personally use your home computer in a typical week?” 


SOURCES: J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1995, Integrated Codebook (Chicago: International Center for the 
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1995); and unpublished tabulations. 
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Appendix table 7-16. 
Computer access at home and work: 1995 


Use Have On home computer 
computer computer Computer Computer No On-line Work Home On-line Sampie 
in work athome home & work home or work computer Modem service CD-ROM computer computer nrs/year size 
—--— —— — Pecenl ———__ —__ —_____-—_______ — Hours per year —— Number — 

All adults 2.0... 39 37 21 33 46 21 7 14 319 103 5.6 2,006 
Formal education 

Less than high school .............. 10 12 2 18 80 4 2 4 72 19 1.3 418 

High school graduate ............... 38 39 20 38 42 22 5 15 328 102 3.6 1,196 

Baccalaureate ......................... 57 67 43 38 19 30 13 23 594 167 14.0 26C 

Graduate/professional.............. 70 68 53 32 15 49 24 27 481 259 21.0 132 
Science/mathematics education 

— TATTLE CT 25 27 11 29 60 12 3 10 201 66 1.8 1,125 

et 46 49 29 36 35 26 7 17 391 120 5.1 530 

i sesiesieaieneinetienieeeeeeneieeen 61 64 42 42 17 40 20 24 590 196 18.4 352 
Sex 

Re 33 35 17 33 50 18 5 13 335 75 2.9 1,053 

ES 41 43 25 34 41 24 9 16 301 134 8.6 953 
Attentiveness to science 

or technology 

Attentive public......................... 57 51 39 31 31 37 17 24 449 209 21.4 195 

Interested public....................... 41 42 24 36 41 23 7 16 328 118 5.3 946 

Residual public......................... 28 34 15 32 54 15 4 11 279 64 2.3 865 
Cable 

Have cable .....................:ccc0 39 42 24 33 43 23 8 16 335 110 5.8 1,354 

Satellite dish.....................0...0. 41 33 17 41 43 24 10 15 165 127 14.4 39 

ee 32 33 16 33 51 16 4 10 295 87 4.4 604 


NOTES: Responses are to the following questions: “Do you use a computer in your work? About how many hours do you personally use your work computer in a typical week?” Do you presently have a home computer in 
your household? About how many hours do you personally use your home computer in a typical week? Do you have a CD-ROM reader in your home computer? Do you have a modem in your home computer? Do you 
presently subscribe to any network service like CompuServe, Prodigy, America Online, or any other dial-in service? About how many hours a month do you use a dial-in or network service?” 


SOURCES: J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1995, Integrated Codebook (Chicago: Intemational Center for the Advancement of Scientific Literacy, Chicago Academy of 
Sciences, 1995); and unpublished tabulations. 
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Appendix table 7-17. 

Computer access and skilis of young adults: 1994 

Access or skilis College students Non-college students 
—————— Number —————_ 

thn cin te eeenes anbshhsesebheeis 000eneenseeeedeeanteessesee es 769 1226 

Percent 

Have access to a computer at home or work... 2... eee eee eee 70 57 

Can install computer software ... 1... ccc eee ce eee ee eee eeeee 62 56 

Can use computer graphics... 0... ccc cece cece eee e eee eeeeees 59 41 

Can use spreadsheet program. .... 2... cece ce eee tee ee ee eeees 67 45 

Can program in a language such as BASIC, PASCAL, orC.....................2..24-- 41 34 


NOTE: Responses are to the questions: “Are you currently working at any job for pay?” “Does this job require you to use a computer in your work?” “Now, I'd like to 
ask you some questions about the way people use computers outside work. Do you presently have a home computer in your household?” “Now, I'd like to ask you 
some questions about the way people use computers outside of work.” “Do you have a personal computer in your apartment, dorm, or dorm room that you can use?” 
“Can you install software on a computer?” “Can you use a graphics package on a computer?” “Can you use a spreadsheet program on a computer?” “Can you pro- 
gram in a language like BASIC, PASCAL, or C?” 


SOURCE: J.D. Miller and L.K. Pifer, Longitudinal Study of American Youth, special tabulations, 1995. 


See figure 7-19. Science & Engineering Indicators — 1996 
Appendix table 7-18. 
First source of additional information about hole in ozone layer, by sex, level of education, and level of 
attentiveness: 1995 
Library Magazine Book/other printed 
1990 1995 1990 1995 1990 1995 
Percent 
TR tna 06006 000060000000686006 32 66 6 6 3 6 
Formal education 
Less than high school .................. 14 50 1 6 2 7 
High school graduate .................. 37 69 6 6 2 6 
Baccalaureate ...................0005. 46 72 10 8 5 6 
Graduate/professional .................. 46 70 14 6 5 6 
Science and mathematics education 
si stkieheageseeeeeseseteooneeess 26 62 3 5 2 
TE 64250966660 000006000000000608 39 69 8 8 3 5 
SnON40500000s0640090005000044eess 53 71 12 7 6 7 
Sex 
ED S5666050000000066000000008608 28 68 4 5 2 7 
DED 6566066600600000606000000000805 38 62 8 8 3 6 
Attentiveness to science and technology 
Attentive public ................0.00255. 42 61 qa 9 6 8 
interested public ................00005. 35 68 7 6 3 7 
Residual public ..................0005. 29 64 4 6 2 5 


NOTE: Responses are to the question: “If you wanted to leam more about the ozone hole, how would you get more information?” 


SOURCES: J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1995, integrated Codebook (Chicago: Intemational Center for the 
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1995); and unpublished tabulations. 
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Appendix table 7-19. nd 
Public confidence in the people running various institutions: 1973-94 = 
e 
institution 1973 1974 1975 1976 1977 1978 1980 1982 1983 1984 1986 1987 1988 1989 1990 1993 1994 
a Percent 

iti wtien eee 6etent es 54 60 50 54 51 46 52 45 51 50 46 52 51 46 46 39 41 
Scientific community ........... 37 45 39 43 41 36 41 38 41 44 39 45 39 40 37 37 38 
U.S. Supreme Court ........... 31 33 31 35 35 28 25 30 27 33 30 36 35 34 35 31 30 
0 See 32 40 35 39 36 29 28 31 29 36 31 34 34 32 33 42 37 
iin eceeeeeesesess 37 49 31 37 41 28 30 33 29 28 28 35 29 30 27 22 25 
Major companies ............. 29 31 19 22 27 22 27 23 24 30 24 30 25 24 25 21 25 
Organized religion ............ 35 44 24 30 40 31 35 32 28 31 25 29 20 22 23 23 24 
Executive branch of 

the Federal Government ...... 29 14 13 13 28 12 12 19 13 18 21 18 16 20 23 12 11 
Banks and financial 

institutions ................. - - 32 39 42 33 32 27 24 31 21 27 27 19 18 15 18 
Congress ................... 23 17 13 14 19 13 9 13 10 12 16 16 15 17 15 7 8 
Ph ceeceabans ntsc hedeess 23 26 24 28 25 20 22 18 13 17 18 18 18 17 15 11 8 
bitin 264000806 oe 18 23 18 19 17 14 6 14 12 13 15 12 14 14 14 12 9 
Organized labor .............. 15 18 10 12 15 11 15 12 8 8 8 10 10 “ 11 8 10 
Average’ ................... 30 33 26 29 31 24 26 24 27 25 28 26 25 25 22 22 

<=. a ~ = —-- Number -— ~- ——— -- -—-- 

a 1504 1,484 1490 1499 1,530 1,532 1468 1,506 i,599 989 1,470 1,466 997 1,035 899 1,057 2,011 
- = not asked 


NOTES: Responses are those expressing a great deal of confidence when asked the following: “| am going to name some institutions in this country. As far as the people running these institutions are concerned, would you 
say you have a great deal of confidence, only some confidence, or hardly any confidence at all in them?” Survey was not conducted in 1979 and 1981, and question was not asked in 1985. 


‘Average does not include banks and financial institutions. 
SOURCE: J.A. Davis and T.W. Smith, Genera/ Social Surveys, Cumulative Codebook, Annual Series (Chicago: National Opinion Research Center, University of Chicago). 
See figure 7-20. Science & Engineering indicators - 1996 
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Appendix table 7-20. 
Responses to and mean scores on the Attitude Toward Organized Science Scale: 1983-95 
1983 1985 1988 1990 1992 1995 
~ ——— Percentof public — - - a 
Agree that “science and technology 
easier, and more comfortable" ............ 84 86 87 84 85 86 
Agree that “the benefits of science 
are greater than any harmful effects” ....... 57 68 76 72 73 72 
Disagree that “science makes our way 
of life change too fast” .................. 50 53 59 60 63 60 
Disagree that “we depend too much on 
science and not enough on faith” .......... 43 39 43 44 45 44 
~~ ---~ ~~ ———-—.. MeanATOSS'score —— ~ 
DED <cnccckanseeevessesessnssenes 2.3 2.5 2.7 2.6 2.7 2.6 
Formal education 
Less than high school .................. 18 1.8 22 1.8 2.0 2.0 
High school graduate .................. 2.4 2.6 28 2.7 2.7 2.6 
Baccalaureate ..................0005. 2.9 3.1 3.2 3.1 3.3 3.3 
Graduate/professional ................. 2.9 3.1 3.1 3.2 3.3 3.4 
Science/mathematics education 
, ccndeueeuenesdseansecesenboecdoes ~ - - 2.4 2.5 2.3 
DE Shechigdkdeocessancecsveaeees 7 - - 2.9 2.7 2.9 
Sb c+0coctdaveenescupeseesensesases 7 - - 3.3 3.3 3.2 
Sex 
DE +550069.90066060%46000656406008 2.5 2.6 28 2.8 2.6 2.5 
MED 6650¢0.0000000000600000000000008 2.2 2.4 2.6 2.5 2.7 2.7 
Attentiveness to science or technology 
Attentive public .... 2... ee een 2.6 28 3.0 2.8 2.9 3.1 
interested public .... 0... eee 2.4 2.6 28 2.7 2.8 2.7 
i ss er 2.1 2.3 2.5 2.5 2.5 2.4 
-- - — Number 
DED, on nan neendecnseeensesesgnas 1,631 2,005 2,041 2,033 3,977 2,006 


— = not available 

NOTES: Responses are to the following statement: “Now | would like to read you some statements like those you might find in a newspaper or magazine article. For 
each statement, please tell me if you generally agree or disagree. if you fee! especially strongly about a statement, please tell me that you strongly agree or strongly 
disagree” 

‘ATOSS = Attitude Toward Organized Science Scale 

SOURCES: J.D. Miller and LK. Pifer, Public Attitudes Toward Science and Technology, 1979-1995, integrated Codebook (Chicago: international Center for the 
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1995); and unpublished tabulations. 
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Appendix table 7-21 

Public assessments of scientific research: 1979-95 

(1 of 2) 

1979 1981 1985 1988 1990 1992 1995 
Percent _ 

All adults 
Benefits strongly outweigh risks ......... 46 42 44 57 47 42 43 
Benefits slightly outweigh risks ......... 24 28 24 25 25 31 29 
Benefits equal risks .................. 19 13 13 5 15 11 16 
Risks slightly outweigh benefits ......... 7 12 13 9 10 12 10 
Risks strongly outweigh benefits ...... .. 4 6 4 3 4 3 

Male 
Benefits strongly outweigh risks ......... 51 48 48 59 54 45 47 
Benefits slightly outweigh risks ......... 23 27 23 25 24 30 28 
Benefits equal risks .................. 16 11 10 5 a 9 13 
Risks slightly outweigh benefits ......... 7 10 13 7 9 11 9 
Risks strongly outweigh benefits ........ 3 5 4 4 5 

Female 
Benefits strongly outweigh risks ......... 42 37 40 55 40 40 39 
Benefits slightly outweigh risks ......... 25 28 26 25 26 31 30 
Benefits equal risks .................. 23 16 6 20 13 19 
Risks slightly outweigh benefits ......... 6 14 14 10 11 12 10 
Risks strongly outweigh benefits ........ 4 5 4 3 4 3 

Less than high school graduate 
Benefits strongly outweigh risks ......... 26 26 20 37 24 24 18 
Benefits slightly outweigh risks ......... 25 23 21 30 25 33 30 
Benefits equal risks .................. 32 25 26 9 30 17 34 
Risks slightly outweigh benefits ......... 12 18 20 17 17 20 14 
Risks strongly outweigh benefits ........ 5 9 13 7 4 7 3 

High school graduate 
Benefits strongly outweigh risks ......... 50 43 47 59 49 41 44 
Benefits slightly outweigh risks ......... 26 31 26 25 27 32 30 
Benefits equal risks .................. 16 10 10 5 11 10 13 
Risks slightly outweigh benefits ......... 5 12 13 7 10 12 10 
Risks strongly outweigh benefits ........ 3 4 4 4 3 5 3 

Baccalaureate and higher 
Benefits strongly outweigh risks ......... 69 64 67 80 72 66 67 
Benefits slightly outweigh risks ......... 18 22 23 16 18 22 23 
Benefits equal risks .................. 8 7 2 1 6 8 6 
Risks slightly outweigh benefits ......... 2 4 6 2 2 3 3 
Risks strongly outweigh benefits ........ 3 2 2 1 2 2 1 

(continued) 
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Appendix table 7-21 
Public assessments of scientific research: 1979-95 
(2 of 2) 
1979 1981 1985 1988 1990 1992 1995 
Percen —$—-—__—___________-——-- 
Attentive public to science and technology 
Benefits sirongly outweigh risks ......... 67 $3 59 62 61 48 oS 
Benefits slightly outweigh risks ......... 16 20 17 23 19 27 21 
Benefits equal risks .................. 8 5 7 6 10 12 8 
Risks slightly outweigh benefits ......... 4 8 13 6 6 9 3 
Risks strongly outweigh benefits ........ 5 oy - 3 . a “ 
—_—_—_—___-___________—§Sampie size ——__-__—__—_——- —_—— 
Alladults..... 6. eee 1,635 1,536 2,005 975 2,033 997 2,006 
Male . 2. eee ee 773 724 950 475 964 464 953 
ee 862 812 1,054 500 1,070 533 1,053 
Less than high school graduate ........... 465 385 507 259 495 215 418 
High school graduate ................... 932 886 1,147 546 1,202 579 1,196 
Baccalaureate and higher ............... 238 264 349 170 336 203 392 
Attentive public to science and technology .. 154 381 235 116 229 94 195 


NOTES Responses are for the following statements. “People have frequently noted that scientific research has produced both beneficial and harmful consequences. 
Would you Say thal, on balance, the benefits of scientific research have outweighed the harmful results, or have the harmful results of scientific research been greater 
than its benefits?” “Would you say that the balance has been strongly in favor of beneficial results or only slightly?” “Would you say that the balance has been strongly 
in favor of harmful results or only slightly?” 


SOURCES: J.D Miller and LK. Pifer, Public Attitudes Toward Science and Technology, 1979-1995, integrated Codebook (Chicago: international Center for the 
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1995); and unpublished tabulations. 
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Appendix table 7-22. 
Public assessments of nuclear power (in percentages): 1985-95 
(1 of 2) 
1985 1988 1990 1992 1995 
Percent 
ita eeiennngeeceséees 2,005 2,041 2,033 997 2.006 
Benefits strongly outweigh risks .......... 28 18 24 17 21 
Benefits slightly outweigh risks st. 22 24 23 30 22 
Benefits equal risks .................... 6 11 12 1 14 
Risks slightly outweigh benefit: .......... 13 17 13 15 21 
Risks strongly outweigh benefits... 31 30 28 27 21 
Male 
Benefits strongly outweigh risks .......... 38 23 31 21 29 
Benefits slightly outweigh risks ........... 22 27 24 34 23 
Benefits equal risks .................... 4 7 8 7 8 
Risks slightly outweigh benefits .......... + 15 11 10 21 
Risks strongly outweigh benefits......... 27 28 26 28 19 
Female 
Benefits strongly outweigh risks .......... 19 14 17 14 14 
Benefits slightly outweigh risks ........... 22 21 21 27 21 
Benefits equal risks .................... 8 14 16 14 20 
Risks slightly outweigh benefits .......... 16 19 16 18 23 
Risks strongly outweigh benefits.......... 35 32 30 27 22 
Less than high school graduate 
Benefits strongly outweigh risks .......... 28 15 21 10 15 
Benefits slightly outweigh risks ........... 2 25 21 37 16 
Benefits equal risks .................... . 17 23 1 25 
Risks slightly outweigh benefits .......... 14 19 13 13 28 
Risks strongly outweigh benefits.......... 26 24 22 29 16 
High school graduate 
Benefits strongly outweigh risks .......... 27 18 23 19 21 
Benefits slightly outweigh risks 21 23 23 26 23 
Benefits equal risks .................... 6 9 9 11 13 
Risks slightly outweigh benefits .......... 13 17 14 16 21 
Risks strongly outweigh benefits. ......... 33 33 31 28 23 
Baccalaureate 
Benefits strongly outweigh risks .......... 29 22 32 19 28 
Benefits slightly outweigh risks ........... 21 25 23 34 26 
Benefits equal risks .................... 3 7 7 10 8 
Risks slightly outweigh benefits ...... 13 14 13 14 18 
Risks strongly outweigh benefits.......... 3 32 25 23 19 
Attentive public to science and technology 
Benefits strongly outweigh risks .......... 35 26 30 24 28 
Benefits slightly outweigh risks .......... 20 24 27 30 24 
Benefits equal risks ....... 2... 6.8, 1 4 6 10 10 
Risks slightly outweigh benefits .......... 12 16 g a 22 
Risks strongly outweigh benefits. ......... 32 25 28 27 18 
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Appendix table 7-22. 

Public assessments of nuclear power (in percentages): 1985-95 

(2 of 2) 

1985 1988 1990 1992 1995 
Sample size 

Aliladults ............................ 2,005 2,041 2,033 997 2,006 
Male, sample size ..................... 950 958 964 464 953 
Female, sample size ................... 1,054 1,084 1,070 533 1,053 
Less than high school graduate, sample size 507 530 495 215 418 
High school graduate, sample size ........ 1,143 1,158 1,202 579 1,196 
Baccalaureate, sample size ............. 349 353 336 203 392 
Attentive public to science and technology . . 235 233 229 94 195 


NOTES: In 1985, 1988, 1990, and 1995, the question was worded “In the current debate over the use of nuclear reactors to generate electricity, there is broad agree- 
ment that there are some risks and some benefits associated with nuclear power. /n your opinion, have the benefits associated with nuclear power outweighec “Se 
harmful results, or have the harmful results associated with nuclear power been greater than its benefits? Would you say that the balance has been strongly in favor 
of beneficial results or only slightly? Would you say that the balance has been strongly in favor of harmful results or only slightly?” 

In 1992, the question was worded “In the current debate over the use of nuclear reactors to generate electricity, there is broad agreement that there are some 
risks and some benefits associated with nuclear power. In your opinion, are the costs associated with nuclear power greater than the benefits, or are the benefits 
associated with nuclear power greater than the costs? Would you say that the benefits have substantially exceeded the costs or only slightly exceeded the costs? 
Would you say that the costs substantially exceed the benefits or only slightly exceed the benefits?” Details may not sum to totals in figure because of rounding. 


SOURCES: J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1995, integrated Codebook (Chicago: International Center for the 
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1995); and unpublished tabulations. 
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Appendix table 7-23. 
Public assessments of genetic engineering: 1985-95 
(page 1 of 2) 
1985 1990 1995 
Percent 
All aduits 
Benefits strongly outweigh risks ................ 23 20 21 
Benefits slightly outweigh risks ................. 26 27 22 
Benefits equal risks ....................2...... 12 16 22 
Risks slightly outweigh benefits ................ 14 19 23 
Risks strongly outweigh benefits ............... 25 18 12 
Male 
Benefits strongly outweigh risks ................ 26 21 os 
Benefits slightly outweigh risks ................. 28 31 22 
Benefits equal risks .......................... 11 14 21 
Risks slightly outweigh benefits ................ 13 18 22 
Risks strongly outweigh benefits ............... 22 16 10 
Female 
Benefits strongly outweigh risks ................ 19 19 18 
Benefits slightly outweigh risks ................. 25 23 22 
Benefits equal risks ....................0..... 14 17 22 
Risks slightly outweigh benefits ................ 15 21 23 
Risks strongly outweigh benefits ............... 27 20 15 
Less than high school graduate 
Benefits strongly outweigh risks ................ 19 16 10 
Benefits slightly outweigh risks ................. 29 27 19 
Benefits equal risks .....................0205. 16 25 30 
Risks slightly outweigh benefits ................ 12 17 29 
Risks strongly outweigh benefits ............... 24 15 13 
High school graduate 
Benefits strongly outweigh risks ................ 21 19 20 
Benefits slightly outweigh risks ................. 24 27 21 
Benefits equal risks .................0.200005. 13 12 21 
Risks slightly outweigh benefits ................ 15 21 23 
Risks strongly outweigh benefits ............... 27 21 14 
Baccalaureate 
Benefits strongly outweigh risks ................ 33 29 35 
Benefits slightly outweigh risks ................. 29 28 30 
Benefits equal risks ...................000005. 7 15 16 
Risks slightly outweigh benefits ................ 13 15 14 
Risks strongly outweigh benefits ............... 18 13 6 
Attentive public to science and technology 
Benefits strongly outweigh risks ................ 37 32 42 
Benefits slightly outweigh risks ................. 28 30 22 
Benefits equal risks ......,..........0000 0005. 9 9 16 
Risks slightly outweigh benefits ................ 12 12 13 
Risks strongly outweigh benefits ............... 14 17 7 
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Appendix table 7-23. 

Public assessments of genetic engineering: 1985-95 

(page 2 of 2) 

1985 1990 1995 
Percent ——_—— 

Attentive public to medical research 
Benefits strongly outweigh risks ................ 29 31 os 
Benefits slightly outweigh risks ................. 24 27 21 
Benefits equal risks ......................25.. 12 12 17 
Risks slightly outweigh benefits ................ 11 17 18 
Risks strongly outweigh benefits ............... 24 13 9 

Sample size ————_____——— 

i, ee ee ee 2,005 2,033 2,006 
i ne bne sees coe kee yksed ¥06 44 44 eSte TE 950 964 953 
re re 1,054 1,070 1,053 
Less than high school graduate ................ 507 495 418 
High school graduate ........................ 1,143 1,179 1,196 
a 349 359 392 
Attentive public to science and technology ........ 235 229 195 
Attentive public to medical research ............. 349 337 310 


NOTES: In 1995, the question was worded: “Some persons have argued that the creation of new life forms through genetic engineering research constitutes a seri- 
ous risk, while other persons have argued that this research may yield major benefits for society. In your opinion, have the benefits of genetic engineering research 
outweighed the harmful results, or have the harmful results of genetic engineering research been greater than its benefits? Would you say that the balance has been 
strongly in favor of beneficial results or only slightly? Would you say that the balance has been strongly in favor of harmful results or only slightly?” 

In 1985, the question was worded: “Some persons have argued that the creation of new life forms through genetic engineering research constitutes a serious 
risk, while other persons have argued that this research may yield major benefits for society. In your opinion, are the risks of genetic engineering research greater 
than its benefits, or are the benefits of genetic engineering research greater than its risks? Would you Say that the benefits are substantially greater than the risks or 
only slightly greater than the risks? Would you say that the risks are substantially greater than the benefits or only slightly greater than the benefits?” 

in 1990, the question was worded: “Some persons have argued that the creation of new life forms through genetic engineering research constitutes a serious 
risk, while other persons have argued that this research may yield major benefits for society. In your opinion, are the risks of genetic engineering research greater 
than its benefits, or are the benefits of genetic €. gineering research greater than its risks? Would you say that the benefits have substantially exceeded the risks or 
only slightly exceeded the risks? Would you say that the risks have substantially exceeded the benefits or only slightly exceeded the benefits?” 


SOURCES: J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1995, integrated Codebook (Chicago: international Center for the 
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1995); and unpublished tabulations. 
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Appendix table 7-24. 
Public assessments of space exploration: 1985-95 
(page 1 of 2) 
1985 1988 1990 1992 1995 
Percent 
a 2,005 2,041 2,033 1,004 2,006 
Benefits strongly outweigh costs ...... 27 22 18 17 22 
Benefits slightly outweigh costs ....... 27 25 25 26 24 
Benefits equal risks ................ 7 9 9 9 8 
Risks slightly outweigh benefits ....... 15 18 17 22 17 
Risks strongly outweigh benefits ...... 24 26 31 26 28 
Nia laa aati a 09 4 0 950 958 964 486 953 
Benefits strongly outweigh costs ...... 33 28 23 33 28 
Benefits slightly outweigh costs ....... 31 27 26 26 25 
Benefits equal risks ................ 6 10 8 8 6 
Risks slightly outweigh benefits ....... 12 13 16 16 16 
Risks strongly outweigh benefits ...... 18 22 27 27 24 
i lai i tie anne ne oe +t 1,054 1,084 1,070 533 1,053 
Benefits strongly outweigh costs ...... 21 16 Va 11 17 
Benefits slightly outweigh costs ....... 24 23 24 25 23 
Benefits equal risks ................ 8 9 10 11 10 
Risks slightly outweigh benefits ....... 17 23 17 27 18 
Risks strongly outweigh benefits ...... 30 29 35 26 32 
Less than high school graduate ......... 507 530 495 215 418 
Benefits strongly outweigh costs ...... 22 16 15 14 14 
Benefits slightly outweigh costs ....... 25 26 20 29 20 
Benefits equal risks ................ 10 9 17 12 13 
Risks slightly outweigh benefits ....... 17 21 16 24 21 
Risks strongly outweigh benefits ...... 26 29 32 21 31 
High school graduate ................. 1,147 1,158 1,202 623 1,196 
Benefits strongly outweigh costs ...... 26 21 17 15 23 
Benefits slightly outweigh costs ....... 28 25 25 25 24 
Benefits equal risks ................ 6 9 7 9 6 
Risks slightly outweigh benefits ....... 14 18 17 23 17 
Risks strongly outweigh benefits ...... 26 27 34 28 30 
Baccalaureate and higher ............. 349 353 336 203 392 
Benefits strongly outweigh costs ...... 36 33 27 22 32 
Benefits slightly outweigh costs ....... 28 26 28 26 27 
Benefits equal risks ................ 6 10 7 6 8 
Risks slightly outweigh benefits ....... 13 15 16 18 14 
Risks strongly outweigh benefits ...... 17 16 22 28 20 
Attentive public to science and technology 235 233 229 105 195 
Benefits strongly outweigh costs ...... 39 38 26 28 32 
Benefits slightly outweigh costs ....... 27 28 33 26 25 
Benefits equal risks ................ 7 6 4 11 7 
Risks slightly outweigh benefits ....... 13 10 14 20 16 
Risks strongly outweigh benefits ...... 14 21 23 15 20 
(continued) 
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Appendix table 7-24. 

Public assessments of space exploration: 1985-95 

(page 2 of 2) 

1985 1988 1990 1992 1995 
Percent ————_—__—_—_—— 

Attentive public to space exploration ..... 184 163 123 51 99 
Benefits strongly outweigh costs ...... 4g 46 36 38 52 
Benefits slightly outweigh costs ....... 25 30 36 a4 23 
Benefits equal risks ................ 8 4 3 3 4 
Risks slightly outweigh benefits ....... 11 7 11 6 12 
Risks strongly outweigh benefits .... .. 7 13 14 4 9 

Sample size ~- == a 

Aliadults ........... 22... 22..0.... 2,005 2,041 2,033 1,004 2,006 
Male ............................ 950 958 964 486 953 
a ih cic art mriictnninn $406 0:44 1,054 1,084 1,070 533 1,053 
Less than high school graduate, ...... 507 530 495 215 418 
High school graduate ............... 1,147 1,158 1,202 623 1,196 
Baccalaureate and higher ........... 349 353 336 203 392 
Attentive public to science and technology . 235 233 229 105 195 


NOTES. Respo. ses are for the following questions: “Many current issues in science and technology may be viewed as a judgment of relative costs and benefits. 
Thinking first about the space program, some persons have argued that the costs of the space program may have exceeded its benefits, while other people have 
argued that the benefits of space exploration have exceeded its costs. In your opinion, have the costs of space exploration exceeded its benefits, or have the benefits 
of space exploration exceeded its costs? Would you Say that the benefits have substantially exceeded the costs or only slightly exceeded the costs? Would you say 
that the costs have substantially exceeded the benefits or only slightly exceeded the benefits?” Details may not sum to totals in figure because of rounding. 


SOURCES: J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1995, integrated Codebook (Chicago: international Center for the 
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1995); and unpublished tabulations. 
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Federal Coordinating Council for Science, 
Engineering, and Technology 


federally funded research and 
development center 


full-time equivalent 
Federal Technology Transfer Act 
fiscal year 


Group of seven countries (Canada, France, 
Germany, Italy, Japan, the United 
Kingdom, and the United States) 
Government Accounting Office 

gross domestic product 

grade point average 

Government Performance and Results Act 
gross state product 

General Social Survey 

general university funds 


Department of Health and Human Services 
High School and Beyond 


International Assessment 
of Educational Progress 


Institute of International Education 
Immigration and Naturalization Service 
involuntary out-of-field rate 
independent research and development 
Institute of Scientific Information 


International Standard Industrial 
Classification 


information technology 
Institut Universitaires de Technologie 


Japan Advanced Institute of Science 
and Technology 


joint research and development venture 


learning disability research centers 
Longitudinal Study of American Youth 


magnetoencephalography 
market exchange rate 
magnetic resonance imagery 
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National Assessment 
of Educational Progress 


National Institute of Science 

and Technology 

National Academy of Sciences 

National Aeronautics and Space 
Administration 

National Center for Education Statistics 
National Cooperative Research Act of 1984 


National Council of Teachers 
of Mathematics 


National Competitiveness Technology 
Transfer Act 


National Education Longitudinal 
Study of 1988 


newly industrialized economy 
National Institutes of Health 


National Institute of Standards 
and Technology 


National Research Council 

natural sciences and engineering 
National Survey of College Graduates 
National Science Foundation 

National Study of Postsecondary Faculty 
National Survey of Science and 
Mathematics Educatijon 

National Science Teachers Association 
National Science and Technology Council 


Organisation for Economic 
Co-operation and Development 


Occupational Employment Statistics 
Office of Management and Budget 


Office of Science and Engineering 
Personnel 


Occupational Safety 
and Health Administration 
Office of Science and Technology Policy 


personal computer 


President’s Committee of Advisors 
on Science and Technology 

public law 

Pohang University of Science 

& Technology 


purchasing power parity 


research and development 
research and experimentation 
research assistantship 
recombinant DNA 


research, development, test, 
and evaluation 


science and engineering 

science and technology 

Scholastic Aptitude Test 

Small Business Administration 

Small Business Innovation Research 
Science Citation Index 

Survey of Doctorate Recipients 

Survey of Earned Doctorates 

Scientists and Engineers 
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Standard Industrial Classification 
Second International Mathematics Study 
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science, mathematics, and engineering 
Division of Science Resources Studies 
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teaching assistantship 

technology cycle time 
Technology Reinvestment Program 
trade and technical schools 


universities and colleges 
university-industry research center 
United Nations Education, Scientific, 
and Cultural Organization 

United States Department of Agriculture 
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A180, A181 
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Al81 
atmospheric sciences, Federal support, 
A180, A181 
biological sciences/biology, Federal 
support, A180, A181 
chemical engineering, Federal support, 
A180, A181 
chemicals/chemistry, Federal support, 
A180, A181 
civil engineering, Federal support, A180, 
Al81 
computer sciences, doctoral scientists and 
engineers in, Federal support, 5.28-5.29, 
A203 
computer use in, 5.20-5.22 
doctoral scientists and engineers in 
distribution by field, 5.23, 5.24, A189 
Federal support, 5.12-5.13, 5.28-5.29, 
A203 
primary work responsibility, 
§.21-5.22, 5.24, 5.26-5.28, A190, 
A199 
types of positions held by, 5.21-5.24, 
A190 
earth sciences, Federal support, A180, 
A181 
economics, Federal support, A180, A181 
electrical engineering, Federal support, 
A180, A181 
engineering, doctoral scientists and 
engineers in, Federal support, 5.28-5.29, 
A203 
environmental sciences, doctoral scientists 
and engineers in, Federal support, 
5.28-5.29, A203 
equipment, expenditures and funding 
sources, 5.18-5.19, A187 
ethnic comparisons, 5.28, A200, A201 
expenditures 
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5.7, 5.8, A165 
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facilities, 5.14-5.17, A182, A183 
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A186 
by field of science and engineering, 
5.17, 5.18 
financial resources for, 5.16, A184, 
A185 
unmet needs, 5.16-5.17, 5.18 
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A104 
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institutions, 5.10—-5.11, A169 
Federal support, 5.7, 5.12-5.13, 
5.28-5.29, A166, A203 


Academic R&D (Cont.) 


financial resources for (cont.) 
by field and subfield, 5.11-5.12, 5.13, 
5.29, A172, A175, A180, A181, 
A203 
and national priorities, 5.9 
spreading institutional base of, 5.14, 
5.15 
funding by sector, 5.7-5.9, A166 
industry funds, 5.8-5.9, A166 
institutional funds, 5.8, A166 
composition of, 5.11 
in a national context, 4.5-4.9, A107 
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applied research, 4.11-4.12, A109 
basic research, 4.9-4.11, A108 
state and local government funds, 5.8, 
A166 
in France, 2.21-2.22 
graduate students in, 5.23-5.25, A191, 
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growth of, 5.7 
highlights, 5.3-5.5 
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indirect cost reimbursement for, 5.10 
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5.18-5.19, A187 
in Japan, 2.20 
life sciences, doctoral scientists and 


engineers in, Federal support, 5.28-5.29, 


A203 
literature, article outputs, 5.30-5.40, A205 
mathematics, doctoral scientists and 


engineers in, Federal support, 5.28-5.2", 


A203 
minorities in, 5.28, A200, A201 
in national context, 5.7, 5.8, A165 
oceanography, Federal support, A180, 
Al81 
physical infrastructu: + for, 5.14-5.21 
physical sciences, docioral scientists and 


engineers in, Federal support, 5.28-5.29, 


A203 

political science, Federal support, A180, 
A181 
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psychology, doctoral scientists and 


engineers in, Federal support, 5.28-5.29, 


A203 
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A203 

science and engineering (S&E), doctoral 
scientists and engineers in, Federal 
support, 5.28-5.29, A203 

scientists and engineers in 
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A204 
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Federal support, 5.28-5.29, A203 
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women, 5.28, A200 
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U.S. exports of, 6.7, 6.9, 6.10, 6.11, A254 

U.S. imports of, 6.11, 6.13, 6.14, A254 
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technology products imported by U.S., 
6.13, 6.14, A254 
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A254 
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products with, 6.7, A254 
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support, A124 
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expenditures, A172, A173 
facilities, 5.17-5.18, A182, A183 
condition and adequacy, A186 
Federal support, A180, A181 
applied research, Federal support, A139 
basic research, Federal support, A137 
funding by budget function, A151 
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ABO 
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Germany, 6.17-6.18, A272 
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academic R&D, Federal support, A180, 
Al81 

applied research, Federal support, A139 

basic research, Federal support, A137 
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technology products imported by U.S., 
A254 
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Articles. See Literature 
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A281 
US. technology exports to, 6.10, A254 
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gender comparisons, A23, A25 
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5.34-5.35, A207, A214 


US. technology exports to, 6.9-6.10, 
A254 
NS&E first degrees awarded in, 2.4-2.5, 
2.6, A21, A22 
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S&E doctoral degrees awarded in, 
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foreign student participation in, 2.23, 
2.24, 2.25, A66 
highlights, 2.2~2.3 
precollege 
achievement growth and coursetaking 
in, 1.20-1.22, A16, Al7 
calculator use and, 1.23-1.24 
computer use and, 1.23-1.24, 8.10, A19 
highlights, 1.2 


Education (Cont.) 
precollege (cont.) 
math achievement in 1992, 1.10, 1.13 
math content areas 
background 2:d description, A10 
proficiency by gender and 
race/ethnicity, 1.10, 1.13 
NAEFP trends, 1.4-1.17, Al.1-Al.14 
student persistence in math and science 
courses, 1.17-1.19 
transitions to college and work and, 
1.24-1.26 
trends in, 1.33-1.34 
trends in achievement 
by gender, 1.8-1.9, A7 
international comparisons, 1.11—1.12, 
1.15, 1.16, 1.19,A11,A12 
by race/ethnicity, 1.9-1.13, A7 
undergraduate 
foreign student participation in, 2.23, 
2.24 
highlights, 2.2 
international comparisons of 
participation rates, 2.5-2.6, A21, A22, 
A23, A25, A27 
Education, Department of, R&D support, 
A124 
by field of science and engineering, A136 
Education, training, employment and social 
services, basic research, Federal support, 
funding by budget function. A151 
Educational level. See also Degrees 
attentiveness to science and technology 
issues and, 7.5-7.6, A302 
computer access at home and work and, 
7.15, A310, A311 
income and, 8.10 
informedness on science and technology 
issues and, 7.6, A300 
interest in science and technology issues 
and, 7.5, A298 
public understanding of basic scientific 
concepts and, 7.7-7.8, 7.9, A303, A304 
public understanding of environmental 
concepts and, 7.11-7.13, 7.13, 7.14, 
A305, A306 
public understanding of scientific inquiry 
and, 7.10, 7.11, A304 
Electrical components, patents for, 6.23, 
A281 
technological performance indicators for, 
6.24-6.25, A287 
Electrical engineering 
academic R&D 
expenditures, 5.11,A172, A173 
Federal support, A180, A181 
applied research, Federal support, A139 
basic research, Federal support, A137 
degrees 
bachelor’s, gender comparisons, A43 
doctoral, gender comparisons, 2.22 
graduate enrollments, 2.18 
gender comparisons, 2.18, A52 
graduate students, financial support, A74, 
A80 
Electrical engineers, employment 
Federal, 3.17 
manufacturing, 3.15-3.16, A91 
international comparisons, 3.25, A100 
nonmanufacturing, A91 


Electronic components 
establishments operating in U.S., 
ownership, A296 
new companies, in U.S., 6.27-6.29, A295 
Electronic publishing, 5.41 
Electronics, 6.6 
R&D, Japan, 6.17, A270 
U.S. exports of, 6.7, 6.9, 6.10, A254 
U.S. imports of, 6.11, 6.12-6.13, 6.14, A254 
U.S. products, top consumers of, 6.9 
U.S. trade balance in, 6.7, 6.8 
US. trade in, 6.7, A254 
Elementary education. See Education, 
precollege 
Elementary teachers. See Teachers, 
precollege 
Employment of S&E’s. See also Science and 
engineering (S&E), workforce 
academic, 5.21-5.22, 5.24, A190 
nonacademic 
gender comparisons by region, 3.24, 
A98 
international comparisons, 3.24, A98 
by sector, 3.24, 3.25, A99, A100 
per 10,000 labor force 
gender comparisons by region, 3.24 
A98 
international comparisons, 3.24, A98 
research and development (R&D) 
international comparisons, 3.25, A101 
in U.S., 3.16, 3.25, Av4, A101 
by sector 
ethnic comparisons, 5.28, A200 
gender comparisons, 5.28, A189, A200 
international comparisons, 3.24, 3.25, 
A99, A100 
Energy 
basic research, Federal support, funding 
by budget function, A151 
critical technologies, 6.5 
public attentiveness to, 7 6-7.7, A301 
public informedness on, 7.6, A299 
public interest in, 7.5, A297 
Energy, Department of (DOE) 
academic R&D support, 5.13, 5.14, A176, 
A178, A180, A181 
FFRDCs administered by, Federal 
support, A141, A143 
R&D, Federal obligations for, A135 
R&D support, 4.22-4.26, A124, A130 
by field of science and engineering, 
A136 
Engineering 


academic employment and R&D activity in, 


5.22-5.23, 5.24, A1I89 
academic R&D 
Asians in, 5.28, A200, A201 
doctoral scientists and engineers in 
Federal support, 5.28-5.29, A203 
primary work responsibility, 
5.26-5.28, A199 
equipment, expenditures and funding 
sources, 5.18-5.19, A187 
expenditures, 5.11, 5.14, A172, A173 
facilities, 5.17-5.18, A182, A183 
condition and adequacy, 5.16, 
5.17-5.18, A186 
financial resources for, 5.16, A184, 
A185 
unmet needs, 5.16—5.17, 5.18 


LIF 


Engineering (Cont.) 
facilities (cont.) 
Federal funding, 5.13, 5.14, A180, A181 
minorities in, 5.28, A200, A201 
women in, 5.28, A200 
academic researchers, reporting multiple 
Federal agency support, 5.29, A203 
applied research, Federal support, 
4.244.26, A139 
basic research, Federal support, 4.25—-4.26, 
A137 
degrees 
associate, 2.12-2.13, A41, A42 
bachelor’s, 2.7, 2.10, 2.13, A30, A31 
ethnic comparisons, 2.13—2.17, A45 
gender comparisons, 2.13, 2.15, 22.13, 
A43 
doctoral, A30, A31 
ethnic comparisons, 3.14—3.15 
foreign-born individuals holding, 3.23, 
A95 
foreign recipients’ stay rates in U ~., 
A68 
foreign versus U.S. schooling for, 
3.23, A95 
gender comparisons, 2.20, A56 
international comparisons, 2.23, 2.27, 
A65 
received by Asian students in U.S. 
universities, 2.23, 2.24, 2.25, A66 
received by Asian students within 
country and in U.S., 2.27, 2.28, A73 
received by foreign students in major 
industrialized countries, A67 
received by foreign students in U.S. 
universities, 2.23, 2.24, 2.25, A67 
women holding, 3.12-3.13 
first university 
international comparisons by gender, 
A23, A25 
received by foreign students in major 
industrialized countries, A67 
received by foreign students in U.S. 
universities, A67 
by region, 2.4-2.5, A22 
foreign student participation in, 2.23, 
2.24, A66 
highest held, by field, 3.10, A89 
international comparisons by gender, 
A25, A27 
master’s, 2.7, 2.11, 2.18, A3O0, A31, A52, 
A54 
ethnic comparisons, 2.18-2.19, A54 
received by foreign students in U.S. 
universities, 2.23, 2.24, 2.25 
occupational characteristics of 
individuals with, 3.11, 3.12 
and total first university degrees, ratio 
of, A22 
graduate enrollments, 2.10, 2.17-2.18, 
A34, A49, A50 
by citizenship, A49, A5O 
ethnic comparisons, 2.17-2.18, 2.20, 
A49, A54, A58 
foreign students in, 2.20, A58 
gender comparisons, 2.17-2.18, 2.20, 
A51, A52, A5St 
trends, 2.17-2.18, A49, A50, A51 
graduate students, financial support, 
2.30-2.32, A74, A78, ABO 
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Engineering (Cont.) 
job losses, 3.15, 3.16 
literature 
article outputs, A205 
international comparisons, 5.31-5.33, 
A207 
U.S. in intertiational context, 5.33, 
A206, A207 
international citations to, 5.39-5.40, 
A244 
USS. articles 
cross-sectoral citation patterns, 
5.38-5.39, A239 
cross-sectoral collaboration on, 
5.37-5.38, A5.5.37 
intersectoral coauthorship, 5.38, 
A232 
sectoral distribution of, 5.37, A224 
minority representation among freshmen, 
2.11, 2.12 
nature of engineering research at U.S. 
universities, 5.13 
research, Federal support, 4.25-4.26, 
A136 
research assistantships (RAs), numbers 
and source of support for, 5.23—5.25, 
A191, A195 
undergraduate and graduate teachers, 
characteristics, 2.16, A47 
undergraduate enrollments, 2.9-2.10, 
A32, A33, A34 
ethnic comparisons, 2.10, A35 
foreign students, 2.10, A35 
gender comparisons, 2.10, A35 
undergraduate students 
attendance patterns, 2.17 
enrollment, by disability status, A40 
planned majors of freshmen, 2.11, A36, 
A39 
workforce, foreign doctoral recipients in, 
2.29, A72 


associate, 2.12-2.13,A41, A42 
bachelor’s, A30, A31, A43, A45 
doctoral, A30, A31 
master’s, A30, A31 
ethnic comparisons, A54 
undergraduate enrolln.ents, A33 
Engineers 
demand projected for, 3.19-3.21 
doctoral, academic employment, 5.21-5.22, 
5.24, A190 
employment, 3.3 
Federal, 3.16-3.18, A94 
age distribution, 3.18, A94 
racial/ethnic distribution, 3.18 
salaries for, 3.18, A95 
sex distribution, 3.18, A95 
manufacturing, 3.15-3.16, A91 
international comparisons, 3.24, 3.25, 
A99, A100 
nonmanufacturing, 3.16, A3.3.9 
research and development (R&D), 
international comparisons, 3.25, Al01 
highest degrees held by, 3.10, A89 
immigrant, 3.22-3.24, A95 
adjustment-of-status cases, 3.24, A96 
admissions to U.S., 3.22, 3.23, A96 


Engineers (Cont.) 
immigrant (cont.) 
admitted to U.S., 3.23 
age distribution, 3.23, A96 
measuring flow of, 3.22-3.24 
new arrivals, 3.24, A96 
region of origin, 3.24 
nonacademic, women as percentage of, 
3.13 
as proportion of labor force 
gender comparisons by region, 3.24, 
AQ 
international comparisons, 3.24, A98 
supply/demand projected for, 3.21 
supply flexibility, 3.21-3.22 
Engiand. See United Kingdom 
English, trends in proficiency, among 
Hispanic Americans, 1.10 
Enrollments 
graduate 
engineering, 2.10, A34 
trends in, 2.17-2.18, A49, A50, A51 
undergraduate 
engineering, 2.9-2.10, A32, A33, A34, 
A35 
recent trends, 2.9, A32 
US., 2.7, 2.8, 2.10, A29, A30 
Environmental biology, academic R&D, 
Federal funding, A180, A181 
Environmental concepts/issues 
public attentiveness to, 7.6-7.7, A301, 
A302 
public informedness on, 7.6, A299, A300 
public interest in, 7.5, A297, A298 
public understanding of, 7.11-7.13, A305 
highlights, 7.2 
international comparisons, 7.12 
Environmental Protection Agency (EPA), 
R&D support, 4.23, 4.24-4.26, A124, 
A130 
by field of science and engineering, A136 
Environmental quality, critical technologies, 
6.5 
Environmental sciences 
academic employment and R&D activity in, 
5.22-5.23, 5.24, A189 
academic R&D 
Asians in, 5.28, A200, A201 
doctoral scientists and engineers in 
Federal support, 5.28-5.29, A203 
primary work responsibility, 
5.26-5.28, A199 
equipment, expenditures and funding 
sources, 5.18-5.19, A187 
expenditures, 5.14, A172, Al73 
facilities, 5.17-5.18, A182, A183 
condition and adequacy, A186 
Federal funding, 5.13, 5.14, A180, A181 
minorities in, 5.28, A200, A201 
women in, 5.28, A200 
academic researchers, reporting multiple 
Federal agency support, 5.29, A203 
applied research, Federal support, A139 
basic research, Federal support, A137 
research, Federal support, A136 
research assistantships (RAs), numbers 
and source of support for, 5.23-5.25, 
A191, A195 


EPA. See Environmental Protection Agency 
(EPA) 

EPSCOR (Experimental Program to 
Stimulate Competitive Research), 4.33, 
4.34 

Ethnic comparisons 

academic R&D, 5.28, A200, A201 
degrees 
associate, 2.13, A42 
bachelor’s, 2.13—2.17, A45 
doctoral, in S&E, 2.20, 3.14—3.15, A58 
master’s, 2.18-2.19, A54 
employment of S&E’s by sector, 5.28, 
A200 
Federal scientists and engineers, 3.18 
graduate enrollments in S&E, 2.17-2.18, 
2.20, A49, A56 
planned majors of freshmen, 2.11, A36, 
A39 
precollege students 
achievement growth and math and 
science coursetaking, 1.21—1.22, Al6, 
Al7 
——s trends, 1.19~1.21, Al4, 
Al 
trends in achievement, 1.9-1.10.1.12, 
1.13, A7 
precollege studies 
math achievement in 1992, 1.10, 1.13 
math content area proficiency, 1.10, 1.13 
trends in achievement, 1.9-1.13 
proportions of doctoral S&E workforce, 
3.14-3.15 
S&E workforce, 3.14—-3.15 
teachers in science and engineering (S&E) 
fields, 2.16, A47 


gender comparisons, A23, A25 
ratio of S&E degrees to, A22 
NS&E first degrees awarded in, A21, 
A22 
S&E degrees, gender comparisons, 
A25, A27 
S&T literature 
article outputs by field, 5.31—5.33, 
5.34-5.35, A207, A214 
coauthored and internationally 
coauthored articles, 5.34 
consumption of U.S. technical knowledge, 
A267 
doctoral programs, 2.21-2.22, 2.23, A60, 
A65 
doctoral recipients’ stay rates in U.S., 2.28 
citations to international scientific and 
technical literature, 5.40, A244 
contribution to international scientific 
collaboration, A222 
doctoral recipients’ stay rates in U.S., 
2.28 
S&T literature 


336 ¢ Appendix D. index 
Europe (Cont.) European Economic Community (EEC), Federally funded R&D centers (Cont.) 
article outputs by field, 5.31-5.33, See European Union articles in U.S. natural science and 
5.34-5.35, A207, A214 U.S. patents granted to, 6.22-6.23, A281 engineering journals, 5.37, A224 
Eastern (cont.) technological performance indicators for, coauthorship of, 5.37-5.38, A229, A232 
S&T literature (cont.) 6.15, 6.24-6.25, A267, A287 cross-sectoral citations, 5.38-5.39, A239 
coauthored and internationally European Free Trade Association Federal support 
coauthored articles, 5.34 doctoral programs in, A65 by administering sector and agency, 
students in European universities, first university degrees 4.26-4.30, Al41 
2.24-2.25 gender comparisons, A23, A25 by agency; 4.27-4.29, Al43 
technology products imported by U.S., ratio of S&E degrees to, A22 by individual FFRDC, 4.29-4.30, A145 
6.13, 6.14, A254 NS&E first degrees awarded in, A21, A22 industrial 
US. technology exports to, 6.10, 6.11, S&E degrees, gender comparisons, A25, Federal support, 4.24—4.26, A132 
A254 A27 by administering sector and agency, 
U.S. trade in advanced technology European Union (See EEC) 4.26-4.30, Al41 
products with, 6.7, A254 doctoral programs in, A65 by agency, 4.27-4.29, Al43 
first university degrees, ratio of S&E first university degrees by individual FFRDC, 4.29, A145 
degrees to, A22 gender comparisons, A23, A25 R&D expenditures, 4.5-4.7, A104 
nonuniversity tertiary-level institutions, ratio of S&E degrees to, A22 nonprofit 
24-25 NS&E first degrees awarded in, A21, A22 Federal support, 4.24~4.26, A132 
NS&E first degrees awarded in, 2.4-2.5, S&E degrees, gender comparisons, A25, by administering sector and agency, 
A21, A22 A27 4.26-4.30, Al41 
participation rates in higher education, students in European universities, by agency, 4.27-4.29, Al43 
2.5-2.6, A21, A22, A23, A25, A27 2.24-2.26 by individual FFRDC, 4.29-4.30, 
R&D expenditures Europe Four A145 
for majority-owned foreign affiliates of technology products imported by U.S., R&D expenditures, 4.54.7, A104 
U.S. parent companies, 4.45-4.46, 6.13, A254 university and college 
A162 U.S. technology exports to, 6.10, A254 developmient activity, expenditures, 
in US., by industry, 4.47-4.49, A163 U.S. trade in advanced technology A110 
in US., by majority-owned U.S. affiliates products with, 6.7, A254 Federal support, 4.24-4.26, A132 
of foreign companies, 4.47-4.49, Europe-Japan technology alliance, 4.43-4.44, by administering sector and agency, 
A164 A158 4.26-4.30, Al41 
science and engineering (S&E) degrees Europe-U.S. technology alliance, 4.43-4.44, by agency, 4.27-4.29, Al43 
doctoral degrees awarded, 2.22-2.23, A158 by individual FFRDC, 4.29, A145 
A65 Experimental Program to Stimulate R&D expenditures, 4.5-4.12, A104, 
first degrees awarded, 2.4-2.5, 2.5 Competitive Research (EPSCOR), 4.33, A107, A108, A109 
trends, 2.5 4.34 Federal support of R&D 


Southern. See also specific countries 
contribution to international scientific 
collaboration, A222 
S&T literature 
article outputs by field, 5.31-5.33, 
5.34-5.35, A207, A214 
coauthored and internationally 
coauthored articles, 5.34 
students in European universities, 2.26 
students in U.S. universities, 2.23 
doctoral degrees earned, 2.23 
doctoral recipients’ stay rates in U.S., 
A68 
technology products imported by U.S., 
6.11, 6.12, A254 
U.S. technology position relative to, 6.4, 6.5 
Western. See also specific countries 
citations to international scientific and 
technical literature, 5.40, A244 
contribution to international scientific 
collaboration, A222 
doctoral recipients’ stay rates in U.S., 
2.28 
NS&E first degrees awarded in, 2.5, A21 
S&T literature 
article outputs by field, 5.31-5.33, 
5.34-5.35, A207, A214 
coauthored and internationally 
coauthored articles, 5.34 
undergraduate students, demographics, 
2.5 


Fabrication/machining and assembly, new 
technologies for, industry’s use of, 
6.24-6.27, A294 

Faculty. See Teachers 

Federal Communications Commission, R&D 
support, by field of science and 
engineering, A136 

Federal cooperative technology programs, 
4.18-4.20 

Federal government 

applied research, expenditures for, 
4.11-4.12, A109 
articles in U.S. natural science and 
engineering journals, 5.37, A224 
cross-sectoral citation patterns, 
5.38-5.39, A239 
basic research, expenditures for, 4.9-4.11, 
A108 
development activity, expenditures for, 
A110, A132 
health R&D, sourw? of funds, 4.41, A152 
intersectoral coau\ horship of U.S. natural 
5.37-5.38, A229 , A232 
R&D, intramural performance, Federal 
obligations for, 4.24, A135 
R&D expenditures, 4.54.7, 4.54.9, 
4.24-4.26, A104, A107, A132 
for applied research, 4.11-4.12, 
4.24—4.26, A109, A132 
for basic research, 4.9-4.11, 4.24—4.26, 
A108, A132 
Federally funded R&D centers (FFRDCs), 5.7 


academic researchers, 5.7, 5.12-5.13, 
5.28-5.29, A166, A203 
by field and subfield, 5.11-5.12, 5.13, 
5.29, A172, A175, A180, A181, 
A203 
and national priorities, 5.9 
spreading institutional base of, 5.14, 5.15 
by agency, 4.22-4.23, 4.26-4.30, 5.12-5.13, 
A124, Al41 


engineering field, 4.24-4.26, A137 

by character of work and performer, 
4.24-4.26, A132 

defense-related issues, 4.33-4.35 
highlights, 4.3 

distribution by socioeconomic objective, 
4.40-4.42, A152 

DOD, 4.22-4.26, 4.29, 5.12, 5.13, 5.14, 
A124, A130, A136, Al41, Al43, 
A176, A178, A180, A181 

DOE, 4.22-4.26, 5.13, 5.14, A124, A130, 
A136, A176, A178, A180, A181 

EPA, 4.23, 4.24—4.26, A124, A130, A136 

funding by budget function, 4.39-4.41, 
A150, Al51 

government focus by national objective, 
4.38-4.42 
highlights, 4.3 

health R&D, 4.41, A152 
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Federal support of R&D (Cont.) 
HHS, 4.22-4.26, 5.13, 5.14, A124, A130, 
A136, A143, A180, A181 
HUD, Al24, A136 
industrial R&D, 4.7, 4.8, 4.13-4.16, 
4.24-4.26, Aii1, Al 15, A117, A118, 
A132 
for all industries, 4.13-4.14, A117 
for companies ranked by size of R&D 
program, 4.14~4.15, A118 
by industry, 4.7, 4.8, A115 
manufacturing industries, 4.13—4.14, 
Al17 
nonmanufacturing industries, 4.13—4.14, 
Al17 
by size of company, 4.7, 4.8, 4.14—4.15, 
Al15 
NASA, 4.22-4.26, 4.29, 5.13, 5.14, A124, 
A130, A136, Al41, A143, Al76, 
A178, A180, A181 
NIH, 5.12, 5.13, Ai24, A176, A178 
NRC, A124, Al36 
NSF, 4.22-4.26, 5.12, 5.13, 5.14, A124, 
A130, A136, A143, Al76, A178, 
A180, A181 
by performer, 4.5-4.9, A107 
by performing sector, 4.5-4.7, A104 
structure of obligations, 4.22-4.26, A124, 
A130 
USDA, 4.22-4.26, 5.13, 5.14, A124, A130, 
A136, Al76, A178, A180, A181 
Federal Technology Transfer Act, 4.18 
Federal Trade Commission, R&D support, by 
field of science and engineering, A136 
Fellowships 
foreign S&E doctoral students, 2.33, A85 
for foreign students, in Japan, 2.25-2.26 
graduate student, 2.31-2.32, A74, A78 
in Japan, 2.21 
Females. See Women 
FFRDCs (Federally funded R&D centers), 5.7 
articles in U.S. natural science and 
engineering journals, 5.37, A224 
coauthorship of, 5.37-5.38, A229, A232 
cross-sectoral citation patterns, 
5.38-5.39, A239 
Federal support 
by administering sector and agency, 
4.26-4.30, A141 
by agency, 4.27-4.29, A143 
by individual FFRDC, 4.29-4.30, A145 
industrial 
Federal support, 4.24—4.26, A132 
by administering sector and agency, 
4.26-4.30, A141 
by agency, 4.27-4.29, Al43 
by individual FFRDC, 4.29, A145 
R&D expenditures, 4.54.7, A104 
nonprofit 
Federal support 
by administering sector and agency, 
4.26-4.30, Al41 
by agency, 4.27-4.29, Al43 
by individual FFRDC, 4.29-4.30, 
Al45 
R&D expenditures, 4.5-4.7, A104 
university and college 
development activity, expenditures, 
Ail10 


C4 


FFRDCs (Cont.) 


Federal support 
by administering sector and agency, 
4.26-4.30, Al41 
by agency, 4.27-4.29, A143 
by individual FFRDC, 4.29, A145 
R&D expenditures, 4.5-4.12, A104, 


institutions, 5.10-5.11, A169 
expenditures, by character of work and 
performers, 5.7, 5.8, A165 
expenditures by field and funding 
source, 5.11-5.12, 5.14, A172, Al73 
Federal funds, 5.7, A166 
by field and subfield, 5.11-5.14, 
A172, Al75, A180, A181 
and national priorities, 5.9 
indirect cost reimbursement, 5.10 
industry funds, 5.8-5.9, A166 
institutional funds, 5.8, A166 
composition of, 5.11 
sources of funds, 5.7-5.9, A168 
state and local government funds, 5.8, 
A166 
foreign students, 2.29-2.30, 2.32-2.33, 
A84, A85 
in Japan, 2.25-2.26 
graduate students, 2.30-2.32, A74, A78, 
A80 
Federal contribution to, 2.30-2.31, A78, 
A80 
nonfederal support, 2.9 2.31, A78, 
A80 
self-support, 2.30-2.31, A78, A80 
sources, 2.30-2.31, A78, A80 
highlights, 2.3 
Finland 
doctoral programs in, A65 
first university degrees 
gender comparisons, A23, A25 
ratio of S&E degrees to, A22 
NS&E first degrees awarded in, 2.6, A21, 
A22 
participation rates in higher education, 
2.5-2.6, A21, A22, A23, A25, A27 
S&E degrees, gender comparisons, A25, 
A27 
undergraduate students, demographics, 
2.5 
U.S. patents granted to, 6.21 
Foreign institutions, health R&D, source of 
funds, 4.41, A152 
Foreign policy 
public attentiveness to, 7.6-7.7, A301 
public informedness on, 7.6, A299 
public interest in, 7.5, A297 
Foreign students. See Students, foreign 
France 
academic R&D in, 2.21-2.22 
citations to international scientific and 
technical literature, 5.40244 
consumption of U.S. technical knowledge, 
A267 
contribution to international scientific 
collaboration, A222 
doctoral degrees awarded in, international 


France (Cont.) 
comparisons, 2.27 
doctoral programs in, 2.21-2.22, A65 
doctoral recipients’ stay rates in U.S., 2.28 
first university degrees 
gender comparisons, A23, A25 
ratio of S&E degrees to, A22 
foreign student enrollments in, 2.24-2.26 
government R&D budget appropriations, 
distribution by socioeconomic objective, 
4.40-4.42, A153 
industrial R&D, foreign sources of funds, 
4.46-4.47, A159 
mathematics proficiency scores, for 
precollege students, 1.15, 1.19, All 
nonacademic scientists and engineers in, 
sector of employment, A99 
nonuniversity tertiary-level institutions, 2.4 
NS&E degrees awarded in, 2.5, A21 
NS&E first degrees awarded in, A22 
ownership of high-tech establishments in 
US., A296 
participation rates in higher education, 
2.5-2.6, A21, A22, A23, A25, A27 


for majority-owned foreign affiliates of 
US. parent companies, 4.45~4.46, A162 
as percentage of GDP, 4.36-4.38, A154, 
A155 
by performing sector and source of 
funds, A156 
in United States 
by industry, 4.48-4.49, A163 
by majority-owned U.S. affiliates of 
foreign companies, 4.47-4.49, A164 
science proficiency scores, for precollege 
students, 1.15, A12 
scientists and engineers as proportion of 
labor force, gender comparisons, 3.24, 
A98 
in manufacturing, 3.25, A100 
in R&D, 3.25, Al01 
gender comparisons, A25, A27 
received by foreign students in, A67 
S&T literature 
article outputs by field, 5.31-5.33, 
5.34-5.35, A207, A214 
coauthored and internationally 
coauthored articles, 5.34 
students in U.S. universities, doctoral 
recipients’ stay rates in U.S., A68 
technical education in, 2.14 
technology products imported by U.S., 
6.11, A254 
U.S. patents granted to, 6.20 
by industry, AZ81 
technological performance indicators 
for, by industry, A287 
U.S. technology exports to, 6.8, 6.9, A254 
GDP (Gross domestic product), 4.4m, A102 
implicit price deflator, 4.4n, A102 
international R&D expenditures as 
percentage of, 4.35-4.37, A154 
Gender comparisons. See also Women 
academic R&D, 5.28, A190, A200 
associate degrees earned, A41 
attentiveness to science and technology 
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Gender comparisons (Cont.) Germany (Cont.) Government. See also Federal government; 
issues, 7.5-7.6, A302 industrial R&D Local government; State government 
computer access at home and work, 7.15, foreign sources of funds, 4.46—4.47, general, basic research, Federal support, 
A310, A311 A159 funding by budget function, A151 


bachelor’s, 2.13, 2.15, A43 
doctoral, 3.12-3.14 
international, 2.22 
in S&E, 2.20, A56 
master’s, 2.18, A52 
Federal scientists anc engineers, 3.18, 
A95 
admitted to U.S., 3.23, A96 
graduate enrollments in S&E, 2.17-2.18, 
A51 
informedness on science and technology 
issues, A300 
interest in science and technology issues, 
7.5, A298 
NS&E degree participation rates, 2.6 
planned majors of freshmen, 2.11, A36 
precollege students 
achievement growth and math and 
science coursetaking, 1.21-1.22, Al6, 
Al7 
coursetaking trends, 1.18—-1.20, Al4, 
Al5 
math achievement in 1992, 1.10, 1.13 
math content area proficiency, 1.10, 1.13 
trends in achievement, 1.6-1.8, A7 
public understand‘ng of environmental 
concepts, 7.13, 7.14, A306 
salaries of doctorate holders, 3.13, 3.14 
in S&E workforce, 3.12-3.14 
teachers in science and engineering (S&E) 
fields, 2.16, A47, A48 
undergraduate students, engineering 
enrollments, 2.10, 2.11, A35 
understanding of basic scientific concepts 
and, 7.7-7.8, 7.9, A303, A304 
understanding of environmental concepts, 
7.11-7.13, A305 
understanding of scientific inquiry, 7.10, 
7.11, A304 
General science, basic research, Federal 
ae funding by budget function, 
1 
General Social Survey, 7.16, A312 
Genetic engineering, public perceptions of, 
7.18-7.19, A318 
Geological science A139, A137 
Germany 
citations to international scientific and 
technical literature, 5.40, A244 
consumption of U.S. technical knowledge, 
6.15, A267 
contribution to international scientific 


comparisons, 2.27 
doctoral programs in, 2.21, A60, A65 
doctoral recipients’ stay rates in U.S., 2.28 
first university degrees 
gender comparisons, A23, A25 
ratio of S&E degrees to, A22 
foreign student enrollments in, 2.24-2.26 
government R&D budget appropriations, 
distribution by socioeconomic objective, 
4.40-4.42, A153 


by industry, 6.17-6.18, A272 
nonacademic scientists and engineers in, 

sector of employment, 3.24, A99 
nonuniversity tertiary-level institutions, 2.5 
NS&E first degrees awarded in, 2.6, A21, 


A22 
ownership of high-tech establishments in 
US., 6.29, A296 
participation rates in higher education, 
2.5-2.6, A21, A22, A23, A25, A27 
public understanding of environmental 
concepts, 7.12 
purchasing power parity exchange rates, 
A103 


R&D expenditures 
for majority-owned foreign affiliates of 
U.S. parent companies, 4.45—4.46, 
Al62 
as percentage of GDP, 4.36-4.38, A154, 
A155 
by performing sector and source of 
funds, A156 
in U.S. 
by industry, 4.47-4.49, A163 
by majority-owned U.S. affiliates of 
foreign companies, 4.47-4.49, A164 
science and engineering (S&E) degrees 
first degrees awarded, 2.5 
gender comparisons, A25, A27 
received by foreign students in, A67 
trends, 2.5 
in manufacturing, 3.25, A100 
in R&D, 3.25, A101 
scientists and engineers as proportion of 
labor force, gender comparisons, A98 
S&T literature 
article outputs by field, 5.31-5.33, 
5.34-5.35, A207, A214 
coauthored and internationally 
coauthored articles, 5.34 
students in U.S. universities, doctoral 
recipients’ stay rates in U.S., A68 
technical education in, 2.14 
technology products imported by U.S., 
6.11, 6.12, A254 
undergraduate teachers, in S&E fields, 2.6, 
2.7 
U.S. patents granted to, 6.20 
fields favored by inventors, 6.21-6.22, 
A278 
by industry, A281 
technological performance indicators 
for, by industry, A287 
U.S. technology exports to, 6.8, 6.9, A254 
world export shares in advanced 
technology trade, 6.8 


Global marketplace 


for new technology products, 6.4, 6.5 
US. trade balance, 6.6-6.8, A254 


Goods and services. See also Services, 


business and professional 

new, research and development (R&D) 
and, 8.8-8.9 

U.S. international trade in, 6.7 


health R&D, source of funds, 4.41, A152 


doctoral recipients’ stay rates in U.S., 2.28 
first university degrees 
gender comparisons, A23, A25 
ratio of S&E degrees to, A22 
NS&E first degrees awarded in, A21, A22 
scientists and engineers engaged in R&D, 
3.25 
S&E degrees, gender comparisons, A25, 
A27 
students in U.S. universities, doctoral 
recipients’ stay rates in U.S., A68 
U.S. patents granted to 
by industry, A281 
for, by industry, A287 
Gross domestic product (GDP), 4.4%, A102 
implicit price deflator, 4.4n, A102 
international R&D expenditures as 
percentage of, 4.35-4.37, A154 


and source of funds, 4.41, A152 
Health and Human Services, Department of 
(HHS) 
academic R&D support, 5.13, 5.14, A180, 
Al81 
FFRDCs administered by, Federal support, 
Al43 
graduate student financial support, A78, 
A80 
R&D, Federal obligations for, A135 
R&D support, 4.22-4.26, A124 
by field of science and engineering, 
A136 
HHS. See Health and Human Services, 
Department of (HHS) 
Higher education. See Education, graduate 
and undergraduate 
High School and Beyond (HS&B) study, 
1.17-1.19, 1.25 
High-technology industries 
small-business, 6.27-6.29 
startups, in U.S., 6.27-6.29, A295 
United States 
foreign ownership, 6.29, A296 
innovative, characteristics of, 6.29-6.30 
U.S. ownership, 6.29, A296 
U.S. Pilot Innovation Study, 6.29-6.30 
U.S. trade balance and, 6.6-6.8, A254 
Hispanic Americans 
in academic R&D, 5.28, A201 
associate degrees earned, A42 
bachelor’s degrees, 2.13-2.17, A45 
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Hispanic Americans (Cont.) 
doctoral degrees in S&E, 2.20, A58 
graduate students, enrollment trends, A49 
master’s degrees in S&E, 2.18-2.19, A54 
precollege students 
achievement growth and math and 
science coursetaking, 1.21-1.22, A16, 
Al7 
coursetaking trends, 1.19-1.21, Al4, 
Al5 
English proficiency, trends in, 1.10 
mathematics proficiency, 1.9, 1.11 
regional comparisons, 1.14, 1.18, A13 
NAEP math test scores, A7 
NAEP science test scores, A7 
science proficiency, 1.9-1.10, 1.12, 1.13 
proportions of doctoral S&E workforce, 
3.14-3.15 
undergraduate students, A32 
engineering enrollments, 2.10, 2.11, 
A35 
planned majors of freshmen, 2.11, A36, 
A39 
Hong Kong 
consumption of U.S. technical knowledge, 
A267 
ownership of high-tech establishments in 
US., 6.29, A296 
technology products imported by U.S., 
6.12, A254 
U.S. patents granted to 
by industry, A281 
technological performance indicators 
for, by industry, A287 
US. technology exports to, 6.9-6.10, A254 
Housing and Urban Development (HUD), 
Department of, R&D support, A124 
by field of science and engineering, A136 
Housing credit, basic research, Federal 
support, funding by budget function, 
Al51 
Howard Hughes Medical Institute, health 
R&D support, A152 
HS&B. See High School and Beyond (HS&B) 
study 
Humanities, degrees 
doctoral 
ethnic comparisons, 3.14-3.15 
women holding, 3.12-3.13 
salaries of individuals with, A9O 
Human resources. See Science and 
engineering (S&E), workforce 
Hungary 
doctoral programs in, A65 
first university degrees 
gender comparisons, A23, A25 
ratio of S&E degrees to, A22 
mathematics proficiency scores, for 
precollege students, 1.12, 1.15, 1.19, 
All 
NS&E first degrees awarded in, A21, A22 
public understanding of environmental 
concepts, 7.12 
science proficiency scores, for precollege 
students, 1.12, 1.15, A12 
S&E degrees, gender comparisons, A25, 
A27 
technology products imported by U.S., 
6.14, A254 
U.S. technology exports to, 6.11, A254 


IAEP (International Assessment of 
Educational Progress), 1.11—1.12 

Immigration Act of 1990, 3.22 

Income 


of doctorate holders, gender comparisons, 
3.13, 3.14 
educational level and, 8.10 
science and engineering (S&E) workforce, 
3.3-3.4, 3.11-3.12, A86, AGO 
Federal employment, 3.18, A95 
Income security, basic research, Federal 
support, funding by budget function, 
Al51 
Index of Economic Understanding, 
distribution of scores on, 7.13, 7.14, 
A306 
India 
citations to international scientific and 
technical literature, 5.40 A244 
consumption of U.S. technical knowledge, 
A267 
contribution to international scientific 
collaboration, A222 
doctoral programs in, A65 
doctoral recipients’ stay rates in U.S., 2.28 
first university degrees, ratio of S&E 
degrees to, A22 
NS&E first degrees awarded in, 2.6, A21, 
A22 
scientists and engineers engaged in R&D, 
3.25 
S&T literature 
article outputs by field, 5.31-5.33, 
5.34-5.35, A207, A214 
coauthored and internationally 
coauthored articles, 5.34 
students in U.S. universities, 2.23, 2.24 
doctoral recipients’ stay rates in U.S., 
A68 
doctoral recipients working in U.S., A72 
students obtaining doctoral degrees within 
country and in U.S., 2.27, 2.28 
technology products imported by U.S., 
6.13, A254 
undergraduate students, demographics, 
2.5 
U.S. patents granted to 
by industry, A281 
technological performance indicators 
for, by industry, A287 
U.S. technology exports to, 6.10, A254 
Indonesia 
consumption of U.S. technical knowledge, 
A267 
technology products imported by U.S., 
6.13, A254 
U.S. patents granted to 
by industry, A281 
technological performance indicators 
for, by industry, A287 
U.S. technology exports to, 6.10, A254 
Industrial engineering 
degrees, bachelor’s, gender comparisons, 
A43 
graduate students, financial support, A74, 
ARO 
Industrial engineers, employment 
Federal, 3.17 
manufacturing, 3.15-3.16, A91 
international comparisons, 3.25, A100 


Industrial engineers, employment (Cont.) 
nonmanufacturing, A91 
R&D, 8.6-8.8 
Industrial machinery, paterits for, 6.23, A281 
technological performance indicators ior, 
6.24-6.25, A287 
Industrial R&D, 4.12-4.21 
applied, expenditures, by source of funds, 
4.11-4.12, A109 
basic, expenditures, by source of funds, 
49-4.11, A108 
collaboration among firms with other 
organizations, 4.16-4.21 
companies ranked by size of R&D 
program , 
distribution of financial sources, 
4.14-4.15, A118 
percent of Federal R&D funds, 
4.14-4.15, A118 
percent of net sales ranked by size of 
total R&D funds, 4.14~4.15, A118 
company-financed, performed abroad by 
U.S. companies and their subsidiaries, 
4.44-4.45, A160 
consortia, 4.16-4.18 
expenditures, A107 
for basic research, by source of funds, 
4.9-4.11, A108 
by industry, 4.7, 4.8, A111 
for majority-owned foreign affiliates of 
U.S. parent companies, 4.45—4.46, 
A162 
by size of company, 4.7, 4.8, 4.14—4.15, 
Alll 
by source of funds, 4.54.7, A104 
by source of funds and performer, 
4.5-4.9, A107 
Federal support, 4.24-4.26, A132 
foreign sources of funds, by country, 
4.46-4.47, A159 
funding 
for all industries, 4.13-4.14, A117 
by industry, 4.7, 4.8,A113 
manufacturing industries, 4.13-4.14, 
Al17 
by industry, 4.15-4.16, A119 
by size of company, 4.15~4.16, A119 
nonmanufacturihg industries, 4.13-4.14, 
Al17 
by size of company, 4.7, 4.8, 4.14—4.15, 
Al13 
Germany, by industry, 6.17-6.18, A272 
intensity, 4.15-4.16, A119 
international trends, 6.15-6.18 
Japan, by industry, 6.17, A270 
planning environment, 4.14 
source of funds, domestic and foreign, 
A157 
support of R&D at specific academic 
institutions, 5.12 
universities and 
in Japan, 2.20-2.21 
in United Kingdom, 2.22 
United States 
foreign sources of funds, 4.46—4.47, 
A159 
by industry, 6.16-6.17, A268 
leading industrial R&D spenders in, 
Al21 
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Industrial science and engineering International comparisons. See also Ireland (Cont.) 
employment, 3.15-3.16, A91 International perspective precollege students, 1.12, 1.15, 1.19, 
Industry employment of S&E’s All 
articies in U.S. natural science and per 10,000 labor force, 3.24, A98 Northern, public understanding of 
engineering journals, 5.37, A224 research and development (R&D), 3.25, environmental concepts, 7.12 
cross-sectoral citation patterns, Al01 NS&E first degrees awarded in, A21, A22 
5.38-5.39, A239 literature article outputs, by field, public understanding of environmental 
development activity, expenditures for, 5.31-5.33, 5.34-5.35, A206, A207, concepts, 7.12 
A110 A214 R&D expenditures, for majority-owned 
expenditures for development, A110 nonacademic employment of S&E’s, 3.24, foreign affiliates of U.S. parent 
FFRDCs (Federally funded R&D centers) AQS companies, 4.45—4.46, A162 
Federal support, 4.24-4.26, A132 by sector, 3.24, 3.25, A99, A100 science proficiency scores, for precollege 
by administering sector and agency, R&D employment, 3.25, A101 students, 1.12, 1.15, A12 
4.26-4.30, Al41 R&D expenditures, 4.40-4.42, A153 S&E degrees, gender comparisons, A25, 
by agency, 4.27-4.29, A143 highlights, 4.2 A27 
by individual FFRDC, 4.29, A145 nondefehse US. patents granted to 
R&D expenditures, 4.54.7, A104 as percentage of GDP, international by industry, A281 
health R&D, source of funds, 4.41, A152 comparisons, 4.37-4.38, A155 technological performance indicators 
health R&D support, 4.41, A152 total, international comparisons, for, by industry, A287 
high-technology. See High technology; 4.37-4.38, A155 Israel 
High-technology industries R&D support Citations to international scientific and 
intersectoral coauthorship of U.S. natural colleges and universities, A156 technical literature, 5.40, A244 
science and engineering articles, government, 4.35-4.36, A156 contribution to international scientific 
5.37-5.38, A229, A232 industry, 4.35-4.36, A156 collaboration, A222 
R&D support nonprofit institutions, 4.35-4.36, A156 mathematics proficiency scores, for 
international comparisons, 4.35—4.36 research and development (R&D), precollege students, 1.15, 1.19, All 
A156 4.35-4.38, A154, A155, A156 public understanding of environmental 
at specific acatlemic institutions, 5.12 Internationalization, 2 R&D and technology, concepts, 7.12 
Industry-government interactions, 4.5—4.7, 4.42-4.47 science proficiency scores, for precollege 
4.7, 4.8, 4.13-4.16, A104, A111, A115, highlights, 4.3 students, 1.15, A12 
Al17, A118 International markets for technology. See S&T literature 
Industry linkages for R&D, industry- Global marketplace article outputs by field, 5.31-5.33, 
government interactions, 4.54.7, 4.7, International perspective. See also 5.34-5.35, A207, A214 
4.8, 4.13-4.16, A104, Al11, A115, International comparisons coauthored and internationally 
Al17, A118 doctoral degrees, 2.22-2.23, 2.27, A65 coauthored articles, 5.34 
Information technologies doctoral reforms and comparison of Italy 
critical, 6.5 degrees, 2.20-2.23 citations to international scientific and 
educational opportunity and, 8.10, 8.11 first university degrees, 2.4-2.5, A22 technical literature, 5.40, A244 
employment opportunity and, 8.10, 8.11 gender comparisons by region, A23, consumption of U.S. technical knowledge, 
growth of, 8.11 A25 A267 
new, use of, 7.15-7.16, A309, A310, ratio of S&E degrees to, A22 contribution to international scientific 
A311 foreign students, 2.23-2.30 collaboration, A222 
strategic technology alliances, 4.43-4.44, participation rates in higher education, doctoral programs in, A65 
A157 2.5-2.6, A21, A22, A23, A25, A27 doctoral recipients’ stay rates in U.S., 2.28 
distribution between economic blocs, precollege students, math and science first university degrees 
4.43+4.44, A158 achievement, 1.11-1.12, 1.15, 1.16, 1.19, gender comparisons, A23, A25 


US. exports of, 6.7, 6.9, 6.10, 6.11, A254 
U.S. imports of, 6.11, 6.12-6.14 
Informedness on science and technology 
(S&T) issues, 7.5-7.6, A299, A300 
Innovation, alternative models of, 4.10 
Institute of Scientific Information (ISI, 
Science Citation Index (SCI), 5.30 
Intellectual property, international trade of, 
royalties and fees generated from, 
6.14-6.15, A266 
Interest in science and technology (S&T) 
issues, 7.4~7.5, A297, A298 
Interior, Department of 
R&D, Federal obligations for, A135 
R&D support, 4.24—4.26, A124, A130 
by field of science and engineering, 
A136 
International affairs, basic research, Federal 
support, funding by budget function, 
Al51 
International Assessment of Educational 
Progress (IAEP), 1.11-1.12 


Al1,Al12 
public understanding of environmental 
concepts, 7.12 
science and engineering (S&E) degrees 
gender comparisons by region, A23, 
A25, A27 
trends, 2.5 


science and engineering (S&E) workforce, 


3.24-3.25, A98, A99, A100, Al01 
teachers in university S&E fields, 2.6, 2.7 
International scientific collaboration, 
5.35-5.36, A221, A222 
US. contribution to, 5.35-5.36, A221, 
A222 
International Trade Commission, R&D 
support, by field of science and 
engineering, A136 
Inventions, patented. See Patents 
Ireland 
first university degrees 
gender comparisons, A23, A25 
ratio of S&E degrees to, A22 


ratio of S&E degrees to, A22 
government R&D budget appropriations, 
distribution by socioeconomic objective, 
4.40-4.42, A153 
industrial R&D, foreign sources of funds, 
4.46-4.47, A159 
mathematics proficiency scores, for 
precollege students, 1.15, 1.19, All 
NS&E first degrees awarded in, A21, A22 
public understanding of environmental 


for majority-owned foreign affiliates of 
U.S. parent companies, 4.45-4.46, A162 

as percentage of GDP, 4.36-4.38, A154, 
A155 

by performing sector and source of 
funds, A156 

in U.S., by majority-owned U.S. affiliates 
of foreign companies, 4.47—4.49, 
A164 
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graduate education in, 2.2 2.21, A60 
industrial R&D 
foreign sources of funds, 4.46—4.47, 
A159 
by industry, 6.17, A270 
nonacademic scientists and engineers in, 
sector of employment, 3.24, A99 
NS&E doctoral degrees awarded in, 
2.22-2.23 
NS&E first degrees awarded in, 2.6, A21, 
A22 
ownership of high-tech establishments in 
US., 6.29, A296 
participation rates in higher education, 
25-26, A21, A22, A23, A25, A27 


as percentage of GDP, 4.36-4.37, A154 
by performing sector and source of 
funds, A156 
in US. 
by industry, 4.47-4.49, A163 
by majority-owned U.S. affiliates of 
foreign companies, 4.47-4.49, 
Al64 


for, by industry, 6.24, A287 
US. technology exports to, 6.8, 6.9, A254 
US. technology position relative to, 6.4, 6.5 
world export shares in advanced 
technology trade, 6.8 
Japan-U S. technology alliance, 4.43-4.44, 
A158 
Jobs in science and engineering. See Science 
Joint research venture (JRV), 4.16—4.18 
Jordan, mathematics proficiency scores, for 
precollege students, 1.16, 1.19 
JRV Goint research venture), 4.16—4.18 
Justice, Department of, R&D support, by 
field of science and engineering, A136 


Kenya 
technology products imported by U.S., 
6.14, A254 
US. technology exports to, 6.11, A254 
Knowledgeability of science and technology 
(S&T) issues, 7.5-7.6, A299, A300 
Korea. See South Korea 


Labor, Department of, R&D support, A124 
by field of science and engineering, A136 
Labor force in science and engineering. See 
Science and engineering (S&E), 
workforce 
Labor market experience 
highlights, 3.2 
operations of economy in, 3.19 
recent S&E bachelor’s and master’s 
graduates, 3.3-3.4 
recent S&E doctoral graduates, 3.5-3.9 


67a 


Labor market experience (Cont.) 
supply and demand outlook for personnel, 
3.18-3.22 
supply flexibility, 3.21-3.22 
supply-side responses to imbalances, 3.21 
Latin America. See also specific country 
\&cD expenditures 
for majority-owned foreign affiliates of 
US. parent companies, 4.45-4.46, 
Al62 
in United States 
by industry, 4.47-4.49, Al63 
by majority-owned U.S. affiliates of 


foreign companies, 4.47—4.49, 
A164 


students in U.S. universities, 2.23 
US. technology exports to, 6.9 
US. trade in advanced technology 
products with, 6.7, A254 
Leading-edge technology. See Technology, 
advanced; Technology, new 
Library, as science and technology (S&T) 
information source, 7.14-7.15, 7.16, 
A307, A308, A311 
Library of Congress, R&D support, by field of 
science and engineering, A136 


wee ye” ce 


equipment, expenditures and funding 
sources, 5.18-5.19, A187 
expenditures, 5.11, A172, A173 
Federal funding, 5.13, 5.14, A180, A181 
minorities in, 5.28, A200, A201 
women in, 5.28, A200 
Federal agency support, 5.29, A203 
applied research, Federal support, A139 
basic research, Federal support, A137 
degrees 
doctoral 
ethnic comparisons, 3.14-3.15 
intend individuals holding, 3.23, 
A95 
foreign versus U.S. schooling for, 
3.23, AOS 
women holding, 3.12-3.13 
highest held, by field, 3.10, A89 
occupational characteristics of 
individuals with, 3.11, 3.12 
salaries of individuals with, 3.11, 3.12, 
A90 
graduate students, financial support, A74 
recent doctoral recipients, postdoctoral 
appointments, 3.8, A88 
plans for, 3.8, A88 
research, Federal support, A136 
research assistantships (RAs), numbers 
and source of support for, 5.23-5.25, 
A191, A195 
undergraduate students, attendance 
patterns, 2.17 
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Life sciences (Cont.) 
workforce, foreign doctoral recipients in, 
2.29, A72 
Life sciences technologies, 6.6 
US. exports of, 6.10, 6.11, A254 
U.S. imports of, 6.13, 6.14, A254 
US. products, top consumers of, 6.8, 6.9, 
6.10 
US. trade in, 6.10, A254 


article outputs, 5.30-5.40, A205 
by country, 5.31-5.33, A207 
by field, international comparisons, 
5.31-5.33, 5.34-5.35, A206, A207, 
A214 | 
U.S. in international context, 5.33, A206 
coauthored and internationally coauthored 
articles, 5.34, 5.35-5.36 
electronic publishing, 5.41 
Institute of Scientific Information (ISI) 
Science Citation Index (SCI), 5.30 
international collaboration on, 5.35-5.36, 
A221, A222 
international use of articles in subsequent 
scientific research, 5.39-5.40, A244 
US. articles 
citations in U.S. patents, 5.39, A242 
cross-sectoral citation patterns, 


intersectoral coauthorship, 5.38, A232 
sectoral distribution of, 5.37,A224 
Living systems, critical technologies, 6.5 
Local government 
health R&D, source of funds, 4.41, A152 
health R&D support, 4.41, A152 
Longitudinal Study of American Youth 
(LSAY), 1.27 
Luxembourg, U.S. patents granted to 
by industry, A281 
technological performance indicators for, 
by industry, A287 
Machinery, non-electrical, R&D 
Germany, 6.17-6.18, A272 
Japan, 6.17, A270 
prevalence of, 6.26, 6.27 
Magazines, as science and technology 
(S&T) information source, 7.16, A311 
Magnetic resonance imaging, benefits, 8.1] 
Malaysia 
consumption of U.S. technical knowledge, 
A267 
technology products imported by U.S. 
6.11-6.12, 6.13, A254 
U.S. patents granted to 
by industry, A281 
for, by industry, A287 
US. technology exports to, 6.9, 6.10, A254 


Manufacturing 
computer-integrated. See Computer- 
integrated manufacturing 
new technologies for, industry's use of, 
6.24-6.27, A294 
R&D 
Germany, 6.17-6.18, A272 
Japan, 6.17,A270 
US., by industry, 6.16-6.17, A268 
Manufacturing employment, 3.3, 3.15-3.16, 
A91 
international comparisons, 3.24, 3.25, A99, 


U.S. imports of, A254 
U.S. products, top consumers of, 6.9 
U.S. trade in, A254 
Materials 
critical technologies, 6.5 
4.43+4.44, A157 
4.43+4.44, A158 
academic R&D 
expenditures, A172, Al73 
Federal support, A180, A181 
applied research, Federal support, A139 
basic research, Federal support, A137 
Mathematical sciences. See 


manufacturing. 3.15-3.16, A91 
nonmanufacturing, A91 
immigrants, admitted to U.S., 3.23 
Mathematics/ Mathematical sciences 
academic employment and R&D activity 
in, 5.22-5.23, 5.24, A189 
academic R&D 
Asians in, 5.28, A200, A201 
doctoral scientists and engineers in 
Federal support, 5.28-5.29, A203 
5.26-5.28, A199 
equipment, expenditures and funding 
sources, 5.18-5.19, A187 
expenditures, 5.14, A172, A173 
facilities, 5.17-5.18, A182, A183 
condition and adequacy, A186 
Federal funding, 5.13, 5.14, A180, A181 
minorities in, 5.28, A200, A201 
women in, 5.28, A200 
academic researchers, reporting multiple 
Federal agency support, 5.29, A203 
applied research, Federal support, A139 
basic research, Federal support, A137 


associate, 2.12-2.13, A41, A42 
bachelor’s, 2.13, A30, A31, A43, A45 
gender comparisons, 2.15, 2.13 
doctoral, A30, A31 
ethnic comparisons, 3.14-3.15 
foreign-born individuals holding, 3.23, 
A95 


Mathematics (Cont.) 


degrees (cont.) 
foreign versus U.S. schooling for, 
3.23, ASS 
gender comparisons, 2.20, 2.22, A56 
received by Asian students in U.S. 
universities, 2.23, 2.24, 2.25, A66 
received by foreign students in U.S. 
universities, 2.23, 2.24, 2.25 
women holding, 3.12-3.13 
foreign student participation in, 2.23 
gender comparisons by region, A27 
highest held, by field, 3.10, A89 
master’s, A30, A31 
ethnic comparisons, A54 
received by foreign students in U.S. 
universities, 2.23, 2.24, 2.25 
salaries of individuals with, 3.11, 3.12, 
A90 
graduate enrollments 
ethnic comparisons, 2.20, A56 
foreign students, 2.20, A58 
gender comparisons, 2.18, A52 
trends, 2.17-2.18, A49, A50, A51 
graduate students, financial support, 
2.30-2.32, A74, ABO 
literature 
article outputs, A205 
international comparisons, 5.31-5.33, 
A207 
U.S. in international context, 5.33, 
A206, A207 
international citations to, 5.39-5.40, 
A244 
U.S. articles 
cross-sectoral citation patterns, 
5.38-5.39, A239 
intersectoral coauthorship, 5.38, 
A232 


sectoral distribution of, 5.37, A224 


achievement growth and coursetaking 
in, 1.20-1.22, A16, Al17 

achievement growth and instruction in, 
1.22-1.23, A1l8 

achievement in 1992, 1.10, 1.13 

achievement score trends, and student 
background characteristics, 
1.10-1.11, 1.14 

achievement tests, constructed 
response questions for, 1.16~1.17 

college instructors’ views of, 1.25-1.26 

computer use and, 1.23-1.24, Al9 

coursetaking trends in, 1.18-1.20, Al4 


achievement, 1.11-1.12, 1.15, 1.16, 
1.19, All 

NAEP trends, 1.4-1.17, A1.1-Al.14 

national standards, teacher awareness 
of, 1.26—1.27 

proficiency scores, 1.5-1.6, AB 

student persistence in courses, 
1.17-1.21 

student scientific, mathematical, or 
engineering intentions and, 1.25-1.26 

transitions to college and work and, 
1.24—1.26 
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Mathematics (Cont.) Mexico (Cont.) National Cooperative Research Act (NCRA), 
precollege studies (coni.) students in U.S. universities, doctoral 4.16 
trends, 1.33-1.34 recipients’ stay rates in U.S., A68 National defense, basic research, Federal 
in achievement by gender, 1.6-1.8, A7 technology products imported by U.S. support, funding by budget function, 
in achievement by race/ethnicity, 1.9, 6.12, A254 Al51 
1.11, A7 undergraduate teachers, in S&E fields, 2.6, National Education Longitudinal Study of 
in achievement by state/region, 27 1988 (NELS:88), 1.18, 1.20-1.21, 
1.12-1.14, 1.16-1.19, Al3 US. patents granted to 1.22-1.23 
research, Federal support, A136 by industry, A281 National Institutes of Health (NIH) 
research assistantships (RAs), numbers technological performance indicators academic R&D support, 5.12, 5.13, A176, 
and source of support for, 5.23-5.25 for, by industry, A287 A178 
A191, A195 U.S. technology exports to, 6.9, A254 graduate student financial support, A78, 
undergraduate and graduate teachers, Middle East. See also specific country ABO 
characteristics, 2.16, A47 consumption of U.S. technical knowledge R&D support, 5.12, 5.13, Alz4, Ai76, 
undergraduate students A267 A178 
attendance patterns, 2.17 contribution to international scientific National laboratories, 4.28 
enrollment, by disability status, A40 collaboration, A222 National Science Foundation (NSF) 
planned majors of freshmen, 2.11, A36 R&D expenditures academic R&D support, 5.12, 5.13, 5.14, 
Mechanical engineering for majority-owned foreign affiliates of A176, A178, A180, A181 
academic R&D US. parent companies, 4.45-4.46, FFRDCs administered by, Federal support, 
expenditures, 5.11, A172, Al73 A162 Al43 
Federal support, A180, A181 in U.S., by majority-owned U.S. affiliates graduate student financial support, A78, 
applied research, Federal support, A139 of foreign companies, 4.47-4.49, ABO 
basic research, Federal support, A137 A164 R&D support, 4.22-4.26, A124, A130 
degrees S&T literature by field of science and engineering, 
bachelor’s, gender comparisons, A43 article outputs by field, 5.31-5.33, A136 
doctoral, gender comparisons, 2.22 5.34-5.35, A207, A214 National Study of Postsecondary Faculty 
graduate enrollments, 2.18, A52 coauthored and internationally (NSPF), 5.23, 5.25, 5.29 
gender comparisons, 2.18, A52 coauthored articles, 5.34 Native Americans 
graduate students, financial support, A74, students in European universities, in academic R&D, 5.28, A201 
A80 2.24-2.25 associate degrees earned, A42 
Mechanical engineers, employment students in U.S. universities, 2.23 bachelor’s degrees, 2.13-2.17, A45 
Federal, 3.17 Mining doctoral degrees in S&E, 2.20, A58 
manufacturing, 3.15-3.16, A91 nonacademic scientists and engineers in graduate students, enrollment trends, A49 
international comparisons, 3.25, A100 international comparisons, A99 precollege students, achievement growth 
nonmanufacturing, A91 scientists and engineers employed in, 3.16, and math and science coursetaking, 
Medical and health science, academic AQ1 Al6 
employment and R&D activity in, Mirorities. See Ethnic comparisons undergraduate students, A32 
5.22-5.23 Motor vehicles, R&D engineering enrollments, 2.11 
Medical discoveries Germany, 6.17-6.18, A272 Natural resources and environment, basic 
public attentiveness to, 7.6-7.7, A301, Japan, 6.17, A270 research, Federal support, funding by 
A302 US., 6.16-6.17, A268 budget function, A151 


public informedness on, 7.6, A299, A300 
public interest in, 7.5, A297, A298 
Medical equipment. See Life sciences 
technologies 
Medical sciences 
academic R&l 
expenditures, 5.11, 5.14,A172, A173 
facilities, 5.17-5.18, A182, A183 
condition and adequacy, A186 
Federal support, A180, A181 
applied research, Federal support, A139 
basic research, Federal support, A137 
Metallurgy 
applied research, Federal support, A139 
basic research, Federal support, A137 
Mexico 
consumption of U.S. technical knowledge, 
A267 
doctoral recipients’ stay rates in U.S., 2.28 
first university degrees, ratio of S&E 
degrees to, A22 
NS&E first degrees awarded in, 2.6, A21, 
A22 
R&D expenditures, for majority-owned 
foreign affiliates of U.S. parent 
companies, 4.45—4.46, A162 
scientists and engineers engaged in R&D, 
3.25 


Motor vehicles and equipment, patents for, 
6.23, A281 
technological performance indicators for, 
6.24-6.25, A287 
NAEP (National Assessment of Educational 
Progress), 1.4-1.17, Al.1-Al.14 
NAFTA partners. See also Canada; Mexico 
technology products imported by U.S., 


academic R&D support, 5.13, 5.14, A176, 
A178, A180, A181 
FFRDCs administered by, Federal support, 
4.29, A141, A143 
R&D, Federal obligations for, A135 
R&D support, 4.22-4.26, A124, A130 
by field of science and engineering, 
A136 
National Archives and Records 
Administration, R&D support, by field of 
science and engineering, A136 
National Assessment of Educational 
Progress (NAEP), 1.4-1.17, Al.1-Al.14 
National Competitiveness Technology 
Transfer Act, 4.18 


Natural science, literature, U.S. articles 
cross-sectoral collaboration on, 5.37-5.38, 
A5S.5.37 
sectoral distribution of, 5.37, A224 
Natural science and engineering (NS&E), 
first university degrees, by region, 
2.4—2.5,A21, A22 
Natura’ sciences 


associate, 2.12-2.13, A41, A42 
bachelor’s, 2.7, 2.10, 2.13, A30, A31, 
A43, A45 
ethnic comparisons, 2.13-2.17, A45 
gender comparisons, 2.15, 22.13, A43 
doctoral, A30, A31 
foreign recipients’ stay rates in U.S., 
A68 


gender comparisons, 2.20, A56 
international comparisons, 2.23, 2.27, 
A65 
received by Asian students in U.S. 
universities, 2.23, 2.24, 2.25, A66 
received by Asian students within 
country and in U.S., 2.27, 2.28 
received by foreign students in major 
industrialized countries, A67 
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Natural sciences (Cont) Citations to international scientific and North America (Cont) 
degrees (cont) technical literature, 5.40, A244 US. patents granted to 
received by foreign stud: :its in U.S. contnbution to international scenufic by industry, A281 
universities, 2.23, 2.24, 2.25, A67 collaboration, A222 technological performance indicators 
first university public understanding of environmental for, by industry, A287 
received by foreign students in major concepts, 7.12 US. technology exports to, 6.10 
industrialized countries, A67 S&T literature Norway 
received by foreign students in U.S. article outputs by field, 5.31-5.33, doctoral programs in, A65 
universities, A67 5.34-5.35, A207, A214 first university degrees 
foreign student participation in, 2.23, coauthored and internationally gender comparisons, A23, A25 
224, AG6 _ coauthored articles, 5.34 ratio of S&E degrees to, A22 
international comparisons by gender Nigeria NS&E first degrees awarded in, A21, A22 
A25, A27 technology products imported by U.S. public understanding of environmental 
master’s, 2.7, 2.11, 2.18, A30, A31, 6.14, A254 concepts, 7.12 
A52, A54 U.S. technology exports to, 6.11, A254 scientists and engineers engaged in R&D 
ethnic comparisons, 2.18-2.19, A54 NIH. See National Institutes of Health (NIH) 3.25 
received by foreign students in US. Nonmanufacturing employment, S&E, 3.16, S&E degrees, gender co isons, A25, 
universities, 2.23, 2.24, 2.25 a A27 
and total first university degrees, ratio institutions NSF. See National Science Foundation (NSF) 
of, A22 articles in U.S. natural science and NSPF (National Study of Postsecondary 
first university degrees, international engineering journals, 5.37, A224 Faculty), 5.23, 5.25, 5.29 
comparisons by gender, A23, A25 cross-sectoral citation patterns, Nuclear power 
graduate enrollments 5.38-5.39, A239 public attentiveness to, 7.6-7.7, A301, 
ethnic comparisons, 2.20, A56 development activity, expenditures for A302 
gender comparisons, 2.17-2.18, 2.20, A110 public informedness on, 7.6, A299, A300 
A51, A52, A56 expenditures for development, A110 public interest in, 7.5, A297, A298 
trends, 2.17-2.18, A49, A50, AS1 health R&D, source of funds, 4.41, A152 public perceptions of, 7.17-7.19, A316 
graduate students, financial support. health R&D support, 4.41, A152 Nuclear Regulatory Commission (NRC), 
2.30-2.32, A74, ABO intersectoral coauthorship of U.S. natural R&D support, A124 
undergraduate and graduate teachers, science and engineering articles, by field of science and engineering, A136 
characteristics, 2.16, A47 5.37-5.38, A229, A232 Nuclear technology. 6.6 
undergraduate studies, planned majors of R&D US. exports of, A254 
freshmen, 2 11, A36 Federal support, 4.24-4.26, A132 U.S. imports of, 6.13, 6.14, A254 
Natural scientists, manufacturing source of funds, domestic and foreign, U.S. products, top consumers of, 6.8, 6.9 
employment, international comparisons, A157 U.S. trade in, A254 
3.25, A100 R&D expenditures, 4.54.9, A107 Obligations, definition, 4.9 
NCRA (National Cooperative Research Act), for applied research, 4.11-4.12, A109 Oceanography / Oceanographic sciences 
4.16 for basic research, 4.94.11, A108 academic R&D 
Near East, citations to international scientific by source of funds, 4.5-4.7, A104 expenditures, A172, A173 
and technical literature, 5.40, A244 R&D support, international comparisons, Federal support, A180, A181 
NELS:88 (National Education 4.35-+4.36, A156 applied research, Federal support, A139 
Study of 1988), 1.18, 1.20-1.21, Nordic countries. See also Scandinavia: basic research, Federal support, A137 
1.22-1.23 specific countnes degrees 
Netherlands, The citations to international scientific and bachelor’s, gender comparisons, A43 
doctoral programs in, A65 technical literature, 5.40, A244 doctoral, received by Asian students in 
gender comparisons, A23, A25 collaboration, A222 graduate enrollments, gender 
ratio of S&E degrees to, A22 S&T literature compansons, A52 
NS&E first degrees awarded in, A21, A22 article outputs by field, 5.31-5.33, graduate students, financial support, 
ownership of high-tech establishments in 5.34-5.35, A207, A214 2.31-2.32, A74, ABO 
United States, A296 coauthored and internationally Office equipment, R&D 
public understanding of environmental coauthored articles, 5.34 Japan, 6.17, A270 
concepts, 7.12 North America. See alse Canada; Mexico US., 6.16-6.17, A268 
R&D expenditures doctoral recipients’ stay rates in U.S., 2.28 Omnibus Trade and Competitiveness Act, 
for majority-owned foreign affiliates of first university degrees, ratio of S&E 4.18 
U.S. parent companies, 4.45—4.46 degrees to, A22 Opto-electronics, 6.6 
A162 NS&E first degrees awarded in, 2.4-2.5, U.S. exports of, A254 
in. United States A21,A22 US. imports of, 6.13, A254 
by industry, 4.47-4.49, A163 S&E doctoral degrees awarded in, U.S. products, top consumers of, 6.8, 6.9 
by majority-owned US. affiliates of 2.22-2.23, A65 U.S. trade in, 6.7, A254 
foreign companies, 4.47-4.49, S&E first degrees awarded in, 2.4-..5 Outlays, definition, 4.9 
A164 students in European universities, 2.26 Ozone layer thinning, public understanding 
S&E degrees, gender comparisons, A25, students in U.S. universities of, 7.11, 7.13, A305 
U.S. patents granted to, A281, A287 doctoral recipients’ stay rates in U.S., Pasteur’s Quadrant (Donald Stokes), 4.10 
News magazines, as science and technology A68 Patents, 6.18-6.24 
(S&T) information source, 7.14~"'.15, technology produrts imported by U.S., for aircraft and parts, 6.23, A281 


6.13 


+ 


awarded to US. academic institutions, 
5.40-5.43, A249 
by major utility class, 5.40-5.43, A252 


by U.S. inventors, 6.21-6.22, A276 
granted patents by owner, §.18-6.21, 

A274 

corporations, 6.19, 6.20, A274 

foreign investors, 6.20-6.21, A274 

for, 6.24, A287 

government, 6.19, 6.20, A274 

individuals, 6.19, 6.20, A274 

US. inventors, 6.18-6.20, A274 
highlights, 6.2-6.3 


by natjonality of inventor, 6.18-6.20, A274 
by owner's sector of employment, 6.19, 
A274 


patenting outside the U.S. 6.19, A274 
by patent office classes, 6.21-6.22, A276, 
A277, A278 


for, by industry, A287 
US. technology exports to, 6.10-6.11, 
A254 
Ph. D. degrees. See Degrees, doctoral 
Pharmaceuticals. See Life sciences 


Physical sciences 


equipment, expenditures and funding 
sources, 5.18-5.19, A187 
expenditures, 5.11, 5.14,A172, Al73 
facilities, 5.17-5.18, A182, A183, A186 
Federal funding, 5.13, 5.14, A180, A181 
minorities in, 5.28, A200, A201 
women in, 5.28, A200 
Federal agency support, 5.29, A203 
applied research, Federal support, A139 
basic research, Federal support, A137 


women holding, 3.12-3.13 
highest held, by field, 3.10, A89 
individuals with, 3.11, 3.12 
salaries of individuals with, 3.11, 3.12, 


and source of support for, 5.23-5.25, 
A191, A195 


employment 
Federal, 3.17 


academic R&D 
expenditures, 5.11, A172, A173 
Federal funding, 5.13, A180, A181 

applied research, Federal support, A139 

basic research, Federal support, A137 
degrees, doctoral, gender comparisons, 
2.22 

literature 

article outputs, A205 
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public understanding of environmental _ 


U.S. technology exports to, 6.11, A254 
Political science 
academic R&D 
expenditures, A172, A173 
Federal support, A180, A181 
applied research, Federal support, A139 
basic research, Federal support, A137 
Portugal 
first university degrees 
gender comparisons, A23, A25 
ratio of SRE degrees to, A22 
NS&E first degrees awarded in, A21, A22 
S&E degrees, gender comparisons, A25, 
A27 
U.S. patents granted to 
by industry, A281 
technological performance indicators 
for, by industry, A287 
Postdoctoral appointments 
foreign dc -toral recipients in, 2.28-2.29 
recent docioral recipients, 3.5, 3.6, 3.7-3.8, 
AR7 
plans for, 3.8, A88 
US. citizens holding, A87 
by years since Ph.D., 3.8, A88 
PPPs (purchasing power parities), A103 
Precollege education. See Education, 


precollege 
Precollege students. See Students. 
precollege 
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Printed materials, as science and technology 
(S&T) information source, 7.16, A311 
Productivity 
growth 


contribution of scientific knowledge to, 8.8 


economic studies of, 8.3-8.6 
measurement, 8.3-8.6 
Psychology. See also Social sciences 
academic employment and R&D activity 
in, 5.22-5.23, 5.24, A189 
academic R&D 
Asians in, 5.28, A200, A201 
doctoral scientists and engineers in 
Federal support, 5.28-5.29, A203 
primary work responsibility, 
5.26-5.28, A199 
equipment, expenditures and funding 
sources, 5.18-5.19, A187 
expenditures, 5.14,A172, Al73 
facilities, 5.17-5.18, A182, A183 
condition and adequacy, A186 
Federal funding, 5.13, 5.14, A180, A181 
minorities in, 5.28, A200, A201 
women in, 5.28, A200 
academic researchers, reporting multiple 
Federal agency support, 5.29, A203 
applied research, Federal support, A139 
basic research, Federal support, A137 
degrees 
bachelor’s, gender comparisons, A43 
doctoral, received by Asian students in 
U.S. universities, A66 
graduate enrollments, gender 
comparisons, A52 
graduate students, financial support, A74, 
A80 
research, Federal support, A136 
research assistantships (RAs), numbers 
and source of support for, 5.23-5.25, 
A191, A195 
undergraduate and graduate teachers, 
characteristics, 2.16, A47 
Publications. See Literature 
Public attentiveness to science and 
technology (S&T) issues, 7.6-7.7, A301, 
A302 
computer access at home and work and, 
7.15, A310 
public understanding of environmental 
concepts and, 7.13, 7.14, A306 
understanding of basic scientific concepts 
and, 7.7-7.8, 7.9, A303 
understanding of environmental concepts 
and, 7.11-7.13, A305 
understanding of scientific inquiry and, 
7.10, 7.11, A304 
Public attitudes toward S&T, 7.2-7.3, 
7.16-7.19 
Public attitudes toward S&T policy issues, 
7.16-7.19 
highlights, 7.3 
Public confidence in leadership, 7.16, 7.18, 
A312 
Public interest in science and technology 
(S&T) issues, 7.4-7.5, A297, A298 
Public library, as science and technology 
(S&T) information source, 7.14-7.15, 
7.16, A307, A308, A311 
Public school education. See Education, 
precollege 


Public school students. See Students, 
precollege 
Public school teachers. See Teachers, 
precollege 
Public understanding of science 
highlights, 7.2-7.3 
science educa‘ion and, 8.10 
understanding basic concepts, 7.7-7.9, 
A303, A304 
highlights, 7.2 
understanding scientific inquiry, 7.8-7.10, 
7.11, A304 
highlights, 7.2 
Purchasing power parities (PPPs), A103 
Racial comparisons. See Ethnic comparisons 
Radio 
news, as science and technology (S&T) 
information source, 7.14-7.15, A307, 
A308 
patents for, 6.22-6.23, A281 
technological performance indicators 
for, 6.24-6.25, A287 
as science and technology (S&T) 
information source, 7.14-7.15, A307, 
A308 
RAs (Research assistantships) , 2.29-2.30, 
2.31-2.32, 5.23-5.25, A74, A78, A191, 
A195 
foreign S&E doctoral students, 2.33, A85 
Rates of return 
analysis and interpretation, 8.5 
on research and development (R&D), 
8.4-8.6 
R&D. See Research and development (R&D) 
Research 
applied 
definition, 4.9 
Federal support 
by agency, 4.24—-4.26, A124, A130 
by performer, 4.24—-4.26, A132 
by science and engineering field, 
4.24-4.26, A139 
national expenditures for, by source of 


funds and performer, 4.11-4.12, A109 


basic 

agricultural sciences, funding by budget 
function, A151 

benefits, 8.6-8.7 

definition, 4.9 

Federal support 
by agency, 4.22-4.26, A124, A130 
funding by budget function, A151 
by performer, 4.24—4.26, A132 
by science and engineering field, 

4.24—4.26, A137 

government funding, 4.94.11, 8.7, 
A108 

national expenditures fer. by source of 
funds and performer, 4..—4.11, A108 

spillover (ripple) effects, 8.6-8.7, 8.10 


computer sciences, Federal support, A136 


engineering, Federal support, 4.25—4.26, 
A136 

environmental sciences, Federal support, 
A136 

Federal support 
by agency, 4.25—4.26, A136 
by field of science and engineering, 

4.25—4.26, A136 


»5( 


Research (Cont.) 


life sciences, Federal support, A136 
mathematics, Federal support, A136 
physical sciences, Federal support, A136 
psychology, Federal support, A136 
public perceptions of benefits and risks, 
7.16-7.18, A314 
science and engineering (S&E), economic 
and social significance of, 8.1-8.13 
highlights, 8.2 
8.9-8.10 
social sciences, Federal support, A136 


Research and development (R&D) 


academic. See Academic R&D 
agency-performer patterns, 4.24-4.26, 
A130, A132 
alternative models of, 4.10 
applied, national expenditures, by source 
of funds, 4.11-4.12, A109 
average versus marginal effects of, 8.9 
basic, national expenditures, by source of 
funds, 4.9-4.11, A108 
company-financed, performed abroad by 
U.S. companies and their subsidiaries, 
4.44-4.45, A160 
cost reduction and, 8.8-8.9 
cross-cutting initiatives, 4.25~4.26 
defense-related issues, 4.33-4.35 
highlights, 4.2 
economic returns to, highlights, 8.2 
effects on productivity growth, 8.8 
economic studies, 8.3-8.6 
employment 
international comparisons, 3.25, A101 
in U.S., 3.16, 3.25, A94, A101 
expenditures 
all industries, 4.13-4.14, A117 
company-financed R&D performed 
abroad by U.S. companies and their 
subsidiaries, 4.44—-4.45, A160 
foreign R&D expenditures in U.S., by 
industry and country, 4.47-4.49, 
A163 
geographic distribution, highlights, 4.3 
international comparisons, 4.40—4.42, 
A153 
highlights, 4.2 
for majority-owned foreign affiliates of 
U.S. parent companies, 4.45-4.46, 
A162 
manufacturing industries, 4.13-4.14, 
All17 
national trends, 4.4—4.12 
highlights, 4.2 
nonmanufacturing industries, 4.13—4.14, 
Al17 
by source and performing sector, 
4.54.7, A104 
in U.S., by majority-owned U.S. affiliates 
of foreign companies, 4.47-4.49, 
Al64 
facilities, U.S., of foreign firms, 4.48 
Federal, 4.21-4.26 
Federal support 
by agency, 4.22-4.23, 4.24-4.26, A124, 
A135, A136 
by agency, performer, and character of 
work, 4.24—4.26, A130 
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Research and development (Cont.) 
by character of work and performer, 
4244.26, A132 
defense-related issues, 4.33-4.35 
highlights, 4.3 
distribution by socioeconomic objective, 
440-442, A153 
oy field of science and engineering, 
4.25+4.26, A136 
funding by budget function, 4.39—4.41, 
Ai50 
government focus by national objective, 
4.3, 4.38-4.42 
health R&D, 4.41, A152 
by science and engineering field, 
4,244.26, A137, A139 
structure of obligations, 4.24,A135 
foreign-born individuals in, 3.22 
industrial. See Industrial R&D 
industry linkages, industry-government 
interactions, 4.54.7, A104 
intensity, of state economies, 4.32, A149 
international comparisons, 4.35-4.38, 
A154, A155, A156 
international expenditures, as percentage 
of GDP, 4.35-4.36, A154 
internationalization, 4.42-4.47 
highlights, 4.3 
investment effects of, 8.9 
leading, states and sector performance 
patterns, 4.30-4.33, A149 
national expenditures 
by character of work and performers, 
5.7, 5.8, A165 
by sources of funds and performers, 
4.5-4.9, A107 
new goods and services and, 8.8-8.9 
nondefense expenditures 
as percentage of GDP, international 
comparisons, 4.37-4.38, A155 
total, international comparisons, 
4.37-4.38, A155 
performance by sector, highlights, 4.2-4.3 
purchasing power parity exchange rates, 
A103 
quality improvement and, 8.8-8.9 
rates of return on, 8.4-8.6 
small business, 4.19, A123 
spending, 2.19 
state distribution of funding, 4.30-4.32, 
Al47 
tax credits for, 4.20-4.21, A123 
U.S. expenditures 
geographic distribution by performer 
and source of funds, 4.30-4.33, A147 
leading states and sector performance 
patterns, 4.30-4.33, A149 
as percentage of GDP, 4.35-4.38, A154, 
A155 
by performing sector and domestic and 
foreign sources of funds, 4.36, A157 
US., foreign support, by performing 
sector, 4.36, A157 
Research and experimentation (R&E), tax 
credits for, 4.20-4.21, A123 
Research assistantships (RAs), 2.29-2.30, 
2.31-2.32, 5.23-5.25, A74, A78, A191, 
A195 
foreign S&E doctoral students, 2.33, A85 


651 


Research literature 
article outputs, 5.30-5.40, A205 
by field, international comparisons, 
5.31-5.33, 5.34-5.35, A206, A207, 
A214 
US. in international context, 5.33, A206 
coauthored and internationally coauthored 
articles, 5.34, 5.35-5.36 
U.S. contribution to, 5.34, 5.35-5.36 
international collaboration on, 5.35-5.36, 
A221, A222 
Romania 
first university degrees, ratio of S&E 
degrees to, A22 
NS&E first degrees awarded in, A21, A22 
Royalties and fees, U.S. 
from all transactions, 6.14, A266 
from trade in technical knowledge, 
6.14-6.15, A267 
Russia. See Soviet Union, former 
Salary. See Income 
SBIR (Small Business ! snovation 
Research) Program, 4.19, A123 
Scandinavia. See also Nordic countries; 
Specific countries 
doctoral recipients’ stay rates in U.S., 2.28 
Scholarships, for foreign students, in Japan, 
2.25-2.26 
Science/Sciences 
academic employment and Kai) activity 
in, 5.22-5.23, 5.24, A189 
academic R&D 
Asians in, 5.28, A200, A201 
doctoral scientists and engineers in 
Federal support, 5.28-5.29, A203 
primary work responsibility, 
5.26-5.28, A199 
facilities, A182, A183 
condition and adequacy, 5.16, 
5.17-5.18, A186 
financial resources for, 5.16, A184, 
A185 
unmet needs, 5.16-5.17, 5.18 
women in, 5.28, A200 
academic researchers, reporting multiple 
Federal agency support, 5.29, A203 
attitudes toward. See Public attitudes 
toward S&T 
degrees, associate, 2.12-2.13, A41, A42 
graduate students, financial support, 
2.31-2.32, A74, ABO 
precollege departments, characteristics of, 
1.27-1.29 
precollege studies 
achievement growth and coursetaking 
in, 1.20-1.22, A16, Al7 
college instructors’ views of, 1.25-1.26 
computer use and, 1.23-1.24, Al9 
coursetaking trends in, 1.18-1.20, A15 
highlights, 1.2 
international comparisons of 
achievement, 1.11-1.12, 1.15, Al2 
NAEP trends, 1.4-1.17, Al.1-Al.14 
national standards, teacher awareness 
of, 1.26-1.27 
proficiency scores, 1.5, 1.7, A9 
student persistency in courses, 
1.17-1.21 
student scientific, mathematical, or 
engineering intentions and, 1.25-1.26 


Science/Sciences (Cont.) 


precollege studies (cont.) 
transitions to college and work and, 
1.24-1.26 
trends in, 1.33-1.34 
trends in achievement by gender, 
1.8-1.9, A7 
trends in achievement by 
race/ethnicity, 1.9-1.10, 1.12), 1.13, A7 
research assistantships (RAs), numbers 
and source of support for, 5.23—5.25, 
A191, A195 
understanding of. See Public 
understanding of science 
Science and engineering (S&E). See also 
Engineering; Science/Sciences 
academic employment and R&D activity 
in, 5.22-5.23, 5.24, A189 
academic R&D 
Asia-s in, 5.28, A200, A201 
doctora >cientists and engineers in 
Federal suport, 5.28-5.29, A203 
primary work responsibility, 
5.26-5.28, A199 
minorities in, 5.28, A200, A201 
women in, 5.28, A200 
academic researchers, reporting multiple 
Federal agency support, 5.29, A203 
degrees 
associate, 2.8, 2.12-2.13, A30, A41, 
A42 
bachelor’s, 2.7, 2.8, 2.10, 2.13, 2.15, A30, 
A31, A43, A45 
doctoral, 2.7-2.8, 2.19-2.20, A30, A31 
in Asia, 2.20-2.21, A65 
ethnic comparisons, 2.20, 3.14-3.15, 
A58 
in Europe, 2.21-2.22, A65 
foreign-born individuals holding, 3.22, 
3.23, A95 
foreign recipients’ stay rates in U.S., 
2.27-2.30, A68 
foreign students earning, 2.20, A58 
foreign versus U.S. schooling for, 
3.22, 3.23, AOS 
international comparisons, 2.23, 2.27, 
A65 
received by Asian students within 
country and in U.S., 2.27, 2.28 
received by foreign students in major 
industrialized countries, A67 
women holding, 3.12-3.13 
first university, received by foreign 
students in major industrialized 
countries, A67 
foreign student participation in, 2.23, 
2.24, A66 
highest held, by field, 3.10, A89 
international comparisons by gender, 
A25, A27 
master’s, 2.7, 2.8, 2.11, 2.18-2.19, A30, 
A31, A52, A54 
number of individuals with, 3.9, 3.10, 
A87, A&89 
occupational characteristics of 
individuals with, 3.11, 3.12 
received by Asian students in U.S 
universities, 2.23, 2.24, 2.25, A66 
salaries of individuals with, 3.11, 3.12, 
A90 


348 ¢ Appendix D. index 
Science and Engineering (Coat. Science and technology (Cont.) Scientists (Cont.) 
degrees (cont.) interest in and information about minorities in academic R&D, ‘).28, A200, 
and total first university degrees, ratio highlights, 7.2-7.3 A201 
of, A22 informedness on S&T issues, 7.5-7.6, Native Americans in academic R&D, 5.28, 
education, global diffusion, 2.4—2.6 A299, A300 4201 
highlights, 2.2 interest in S&T issues, 7.4-7.5, A297, nonacademic, women as percentage of, 
employment A298 3.13 
demand side, projecting, 3.19 international markets for. See Global as proportion of labor force 
supply side, projecting, 3.20 marketplace gender comparisons by region, 3.24, 
first university degrees management, guiding principles for, 4.34 A98 
international comparisons by gender public attentiveness to, 7.6-7.7, A301, international comparisons, 3.24, A98 
A23, A25 A302 supply/demand projected for, 3.21 


by region, 2.4-2.5, A22 
foreign students in graduate programs, 
2.20 
graduate enrol|ments, 2.17-2.18, A49 
ethnic comparisons, 2.17-2.18, 2.20, 
A49, A56, A58 
gender comparisons, 2.20, A56 
trends, 2.17-2.18, A49, A50, A51 
graduate students, financial support, 
2.30-2.32, A74, A78, A80 
literature, U.S. articles, cross-sectoral 
citation patterns, 5.38-5.39, A239 
perso. Yel. See also Engineers; Scientists 
in‘>mational comparisons, 3.24 
as proportion of labor force, 3.24, 
A98 
supply and demand outlook for, 
3.18-3.22 
research assistantships (RAs), by source 
of support and field, 5.23-5.25, A191, 
A195 
undergraduate studies 
planned majors of freshmen, A39 
student enrollment in, by disability 
status, A40 
workforce 
age distribution, 3.10-3.11, A9O 
characteristics, 3.9-3.15 
Federal employment, 3.16-3.18, A94 


age distribution of individuals in, 3.18, 


AQ4 
agency of employment, 3.17 
demographics, 3.18, A94, A95 
occupational groupings, 3.17 
work activities, 3.17-3.18, A94 


foreign doctoral recipients in, 2.28-2.29, 


A72 

highlights, 3.2 

international perspective, 3.24—-3.25, 
A98, A99, A100, A101 

manufacturing employment, 3.15~3.16, 
A91 

nonmanufacturing employment, 3.16, 
AQ1 

personnel, supply and demand outlook 
for, 3.18-3.22 

professional society data, 3.9 

racial/ethnic minorities in, 3.14-3.15 

relation between occupation and 
education, 3.11, 3.12 

salaries, 3.3-3.4, 3.11-3.12, AB6, A9O 

womei in, 3.12-3 14 

Science and technology (S&T) 
attitudes toward. See Public attitudes 
toward S&T 
information, sources, 7.13-7.16, A307, 
A308, A311 


public attentiveness to, 7.6-7.7, A301, 
A302 
public informedness on, 7.6, A299, A300 
public interest in, 7.5,A297, A298 
Science education, and public understanding 
of science and technological issues, 8.10 
Science in the National Interest, 5.9 
Science museum, as science and technology 
(S&T) information source, 7.14-7.15, A307, 
A308 
Science-The Endless Frontier (Vannevar 
Bush), 4.10 
Scientific concepts, basic, public 
understanding of, 7.7-7.9, A303, A304 
highlights, 7.2 
Scientific inquiry, public understanding of, 
7.8-7.10, 7.11, A304 
highlights, 7.2 
Scientific method 
importance of, in scientific inquiry, 8.10 
public understanding of, 7.2, 7.8-7.10, 
7.11, A304 
Scientific research. See Research and 
development (R&D); Research 
Scientists 
Asians in academic R&D, 5.28, A200, 
A201 
Black Americans in academic R&D, 5.28, 
A201 
demand projected for, 3.19-3.21 
doctoral, academic employment, 
5.21-5.22, 5.24, A190 
employment, 3.3 
Federal, 3.16-3.18, A94 
age distribution, 3.18, A94 
racial/ethnic distribution, 3.18 
salaries for, 3.18, A95 
sex distribution, 3.18, A95 
manufacturing, 3.15-3.16, A91 
international comparisons, 3.24, 3.25, 
A99, A100 
nonmanufacturing, 3.16, A3.3.9 
research and development (R&D), 
international comparisons, 3.25, A101 
highest degrees held by, 3.10, A89 
Hispanic Americans in academic R&D, 
5.28, A201 
immigrant, 3.22-3.24, A95 
adjustment-of-status cases, 3.24, A96 
admissions to U.S., 3.22, 3.23, A96 
age distribution, 3.23, A96 
measuring flow of, 3.22-3.24 
new arrivals, 3.24, A96 
region of origin, 3.24 


supply flexibility, 3.21-3.22 
women in academic R&D, 5.28, A189, 
A200 
Scotland 
mathematics proficiency scores, for 
precollege students, 1.12, 1.15, 1.19, 
All 
science proficiency scores, for precollege 
students, 1.15, A12 
SDR (Survey of Doctorate Recipients), 5.23, 
5.29 
S&E. See Science and engineering (S&E) 


Sensor-based inspection/testing, new 
technologies for, industry's use of, 
6.24-6.27, A294 
Services, business and professional. See also 
Goods and services 
scientists and engineers employed in, A91 
nonacademic, international 
comparisons, A99 
Singapore 
consumption of U.S. technical knowledge, 
A267 
first university degrees, ratio of S&E 
degrees to, A22 
NS&E first degrees awarded in, 2.4, 2.6, 
A21,A22 
ownership of high-tech establishments in 
US., 6.29, A296 
R&D expenditures, for majority-owned 
foreign affiliates of U.S. parent 
companies, 4./5—4.46, A162 
scientists and engineers engaged in R&D, 
3.25 
technology products imported by U.S., 
6.11, 6.12, A254 
undergraduate students, demographics, 
2.5 


U.S. patents granted to 

by industry, A281 

for, by industry, A287 
U.S. technology exports to, 6.9, A254 
Siovak Republic 

first university degrees 

gender comparisons, A23, A25 

ratio of S&F degrees to, A22 
NS&E first degrees awarded in, A21, A22 
S&E degrees, gender comparisons, A25, A27 


Slovenia 
mathematics proficiency scores, for 
precollege students, 1.12, 1.15, 1.19, 
All 
public understanding of environmental 
concepts, 7.12 
science proficiency scores, for precolleg: 
students, 1.12, 1.15, A12 
Small business, and high technology, 
6.27-6.29 
Small Business Innovation Development Act, 
4.18 
Small Business Innovation Research (SBIR) 
Program, 4.19, A123 
Small business R&D, 4.19, A123 
Smithsonian Institution, R&D support, by 
field of science and engineering, A136 
Social indicators, measurement and 
reporting on, 8.10 
Social sciences 
academic employment and R&D activity 
in, 5.22-5.23, 5.24, A189 
academic R&D 
Asians in, 5.28, A200, A201 
doctoral scientists and engineers in 
Federal support, 5.28-5.29, A203 
primary work responsibility, 
5.26-5.28, A199 
equipment, expenditures and funding 
sources, 5.18-5.19, A187 
expenditures, 5.14, A172, A173 
facilities, 5.17-5.18, A182, A183 
condition and adequacy, A186 
Federal funding, 5.13, 5.14, A180, A181 
minorities in, 5.28, A200, A201 
women in, 5.28, A200 
academic researchers, reporting multiple 
Federal agency support, 5.2), 4203 
applied research, Federal support, ‘i 39 
basic research, Federal support A137 
degrees 
associate, 2.12-2.13, A41, A42 
bachelor’s, 2.7, 2.10, 2.13, A30, A31, 
A43, A45 
ethnic comparisons, 2.13-2.17, A45 
gender comparisons, 2.15, 22.13, A43 
doctoral, A30, A31 
ethnic comparisons, 3.14-3.15 
foreign-born individuals holding, 3.23, 
A95 
foreign recipients’ stay rates in U.S., 
A68 
foreign versus U.S. schooling for, 
3.23, AOS 
gender comparisons, 2.20, 2.22, A56 
international comparisons, A65 
received by Asian students in U.S. 
universities, 2.2%, 2.24, 2.25, A66 
received by foreign students in major 
industrialized countries, A67 
received by foreign students in U.S. 
universities, 2.23, 2.24, 2.25, A66, 
A67 
women holding, 3.12-3.13 
first university 
received by foreign students in major 
industrialized countries, A67 
received by foreign students in U.S. 
universities, A67 
foreign student participation in, 2.23 


Social sciences (Cont.) 
gender comparisons by region, A27 
high est held, by field, 3.10, A89 
international comparisons by gender, 
A25, A27 
master’s, 2.7, 2.11, A30, A31 
ethnic comparisons, 2.18-2.19, A54 
received by foreign students in U.S. 
universities, 2.23, 2.24, 2.25 
occupational characteristics of 
individuals with, J.11, 3.12 
salaries of individuals with, 3.11, 3.12, 
A90 
and total first university degrees, ratio 
of, A22 
first university degrees 
international comparisons by gender. 
A23, A25 
by region, A22 
graduate enrollments 
ethnic comparisons, 2.20, A58 
gender comparisons, 2.17-2.18, 2.20, 
2.22, A51, A52, A56 
trends, 2.17-2.18, A49, A50, A51 
graduate students, financial support, 
2.30-2.32, A74, A80 


minority representation among freshmen, 


2.11, 2.12 
research, Federal support, A136 
research assistantships (RAs), numbers 
and source of support for, 5.23-5.25, 
A191, A195 
undergraduate and graduate teachers, 
characteristics, 2.16, A47 
undergraduate students 
attendance patterns, 2.17 
enrollment, by disability status, A40 
planned majors of freshmen, 2.11, A36, 
A39 
workforce, foreign doctoral recipients in, 
2.29, A72 


Social scientists 


employment 
Federal, 3.17 
manufacturing, 3.15-3.16, A91 


international comparisons, 3.25, A100 


nonmanufacturing, A91 
immigrants, admitted to U.S., 3.23 


Sociology 


academic R&D 
expenditures, A172, A173 
Federal support, A180, A181 
applied research, Federal support, A139 


Software 


establishments operating in U.S., 
ownership, A296 

new companies, in U.S., 6.27-6.29, A295 

US. exports of, 6.7, 6.11, A254 

U.S. imports of, 6.13, A254 

U.S. trade in, 6.6, A254 


South Africa 


R&D expenditures, for majority-owned 
foreign affiliates of U.S. parent 
companies, 4.45—-4.46, A162 

scientists and engineers engaged in R&D, 
3.25 

technology products imported by U.S., 
6.14, A254 

US. technology exports to, 6.11, A254 


South America. See also specific countries 
citations to international scientific and 
technical literature, 5.40, A244 
consumption of 1S. technical knowledge, 
A267 
contribution to international scientific 
collaboration, A222 
S&T literature 
article outputs by field, 5.31-5.33, 
5.34-5.35, A207, A214 
coauthored and internationally 
coauthored articles, 5.34 
students in European universities, 2.26 
students in U.S. universities, doctoral 
recipients’ stay rates in U.S., A68 
technology products imported by U.S., 
6.13-6.14, A254 
U.S. patents granted to 
by industry, A281 
technological performance indicators 
for, by industry, A287 
U.S. technology exports to, 6.10-6.11, 
A254 
South Korea 
consumption of U.S. technical knowledge, 
6.15, A267 
doctoral programs in, 2.21, A65 
first university degrees 
gender comparisons, A23, A25 
ratio of S&E degrees to, A22 
mathematics proficiency scores, for 
precollege students, 1.12, 1.15, 1.16, 
1.19. All 
NS&E first degrees awarded in, 2.4, 2.6, 
A21, A22 
ownership of high-tech establishments in 
US., 6.29, A296 
participation rates in higher education, 
2.5-2.6, A21, A22, A23, A25, A27 
science proficiency scores, for precollege 
students, 1.12, 1.15, A12 
scientists and engineers engaged in R&D, 
3.25 
S&E degrees, gender comparisons, A25, 
A27 
students in Japanese universities, 2.26 
students in U.S. universities, 2.24 
doctoral recipients’ stay rates in U.S., 
2.28-2.29, A68 
doctoral recipients working in U.S., A72 
students obtaining doctoral degrees within 
country and in U.S., 2.27, 2.28 
technical education in, 2.14 
technology products imported by U.S., 
6.11-6.12, 6.12, A254 
undergraduate students, demographics, 
2.5 
undergraduate teachers, in S&E fields, 2.6, 
27 
U.S. patents granted to, 6.20-6.21 
fields favored by inventors, 6.22, A280 
by industry, A281 
technological performance indicators 
for, by industry, 6.24, A287 
U.S. technology exports to, 6.9, A254 
Soviet Union, former 
c tations to international scientific and 
technical literature, 5.404244 
contribution to international scientific 
collaboration, A222 
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Soviet Union, former (Cont.) 


mathematics proficiency scores, for 
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